(19) 



(12) 



(43) Date of publication: 

20.10.1999 Bulletin 1999/42 

(21) Application number: 99106961.8 

(22) Date of filing: 08.04.1999 



Europdlsches Paterrtamt 
European Patent Office 
Office europeendes brevets (11) EP 0 950 593 A2 

EUROPEAN PATENT APPLICATION 

(51) Inta 6 : B60T 11/00 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DKESHFRGBGR IEiTULU 


• NBzutani, Ybsup 


MCNLPTSE 


c/o Toyota Jidosha K.K. 


Designated Extension States: 


Toyota-shi, AicrtMcen, 471-8571 (JP) 


ALLTLVMKROSI 


• Isono, Hlroshl 




c/o Toyota Jidosha K.K. 


(30) Priority: 17.04.1998 JP 10751798 


Toyota-shl, AlchJ-ken, 471-8571 (JP) 


11.11.1998 JP 32024798 




22.12.1998 JP 36457598 


(74) Representative: 




Winter, Brandl, Fumiss, Hubner, Ross, 


(71) Applicant: 


Kaiser, Porte, Kindermann 


TOYOTA JIDOSHA KABUSHIK1 KAISHA 


Partnerschafl 


Aichi-ken 471-8571 (JP) 


Patent und Recrrtsanwaltskanztel 




Alois-Steinecker-Strasse 22 




85354 Freising (DE) 



(54) Hydraulic braking system with pressure assisted master cylinder piston 

(57) A rtydrauticaJry operated braking system includ- 
ing a master cylinder (12; 300: 500; 600) having a pres- 
surizing piston (34; 322, 324; 504, 506) operatively 
connected to a brake operating member (10). to pressu- 
rize a fluid in a pressurizing chamber (30, 32; 302, 304; 
508, 510). so that a brake cyfinder (22-28) is actuated 
by the pressurized fluid, and an assisting device (81 ; 
260-272; 109; 538; 612) for applying to the pressurizing 
piston an assisting drive force which is other than a pri- 
mary drive force to be applied to the pressurizing piston 
on the basis of a brake operating force acting on the 
brake operating member. The assisting device is electri- 
cally controllable to control the assisting drive force. 




FIG. 1 



fflnted by Xerae (UK) Bustess Setvtoes 
2.16.7/16 



EP0950593A2 



Description 

[0001] This application is based on Japanese Patent Applications Nos. 10-137517. 10-320247 and 10-364575 filed 
April 17, November 1 1 and December 22, 1998, respectively, the contents of which are incorporated hereinto by refer- 
5 ence. 

BACKGROUND OF THE INVENTION 

Field of the invention 

10 

[0002] The present invention relates in general to a hydraufically operated braking system, and more particularly to a 
hydraulically operated braking system including an assisting device for boosting a drive force to be applied to a pressu- 
rizing piston of a master cylinder. 

is Discussion of the Related Art 

[0003] An example of a hydraulically operated braking system including such an assisting device as descrfced above 
is disclosed in JP-A-4-328064. This braking system includes (1) a master cylinder having a pressurizing piston opera- 
tively connected to a brake operating member to pressurize a working fluid in a pressurizing chamber, (2) a brake cyl- 

20 inder for actuating a brake device based on the pressure of the pressurized fluid, and (3) an assisting device for 
applying to the pressurizing piston an assisting drive force which is different than a primary drive force to be applied to 
the pressurizing piston on the basis of a brake operating force acting oh the brake operating member. In this braking 
system wherein the primary drive force and the assisting drive force are both applied to the pressurizing piston, the fluid 
pressure in the pressurizing chamber can be boosted, permitting the brake device to produce an increased braking 

25 force for a given value of the brake operating force. However, the assisting drive force to be generated by the assisting 
device is simply proportional to the brake operating force. That is, the assisting device disclosed in the above-identified 
publication is not capable of producing the assisting drive force which is not proportional to the brake operating force. 

SUMMARY OF THE INVENTION 

30 

[0004] It is therefore an object of this invention to provide a hydraulically operated braking system comprising an 
assisting device capable of producing an assisting drive force in a non-proportional relationship with the brake operating 
force. 

[0005] The above object may be achieved according to any one of the following modes of the present invention, each 
35 of which is numbered like the appended claims and depends from the other mode or modes, where appropriate, so as 
to indicate various technical features and possible combinations of elements in preferred forms of the invention. How- 
ever, it is to be understood that the present invention is not limited to those specific modes, features or combinations 
which will be described. 

40 (1) A hydraulically operated braking system comprising: a brake operating member operable by an operator; a mas- 
ter cylinder including a pressurizing piston operatively connected to the brake operating member and partially 
defining a pressurizing chamber, the pressurizing piston being moved by the brake operating member to pressurize 
a fluid in the pressurizing chamber; a brake cylinder actuated by the pressurized ftuid received from the master cyl- 
inder; and an assisting device for applying to the pressurizing piston an assisting drive force which is other than a 

45 primary drive force to be applied to the pres su rizing piston on the basis of a brake operating force acting on the 
brake operating member, the assisting device being electrically controllable to control the assisting drive force. 

In the hydraulically operated braking system of the present invention constructed as descrfoed above, the 
assisting drive force to be applied to the pressurizing piston of the master cylinder is electrically controllable, so that 
the assisting drive force can be controlled in a non-proportional relationship with the brake operating force acting 

so on the brake operating member. Further, the electric control of the assisting drive force results in improved ease 
and freedom of control the assisting oMve force. 

The assisting drive force produced by the assisting device may be applied to the pressurizing piston, either 
simultaneously and together with the primary drive force produced upon operation of the brake operating member, 
or alone and without simultaneous application of the primary drive force In the latter case, the assisting drive force 

55 is appBed tothe pressurizing piston when the brake operating member is placed in the non-operated position (with- 
out the brake operating force acting thereon). In this case, the hydraulically operated braking system is automati- 
cally actuated with the assisting drive force applied to the pressurizing piston, namely, actuated to effect automatic 
brake application without an operation of the brake operating member by the operator. 
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(2) A hydraufically operated braking system accorcfing to the above mode (1), wherein the assisting device includes 
an assisting drrve force control device eJectrk^y operable to control the assisting drive toirc on the basis of at least 
one of a brake operating condition quantity incf cative of an operating concfition of the brake operating member and 
a vehicle running condition quantity indicative of a running condition of an automotive vehicle having a wheel which 
is braked by the brake cylinder. 

In the hydraufically operated braking system according to the above mode (2), the assisting drive force is elec- 
trically controlled on the basis of at least one of the brake operating condition quantity and the vehicle running con- 
dition quantity. For instance, the brake operating condition quantity may be an operating amount (operating force or 
stroke) of the brake operating member, a rate of change of the operating amount (rate of change of the operating 
force or stroke, or a combination of the operating amount and the rate of change of the operating amount For 
example, the assisting drive force may be controlled as a quadratic function of the operating amount of the brake 
operating member. In this case, the rate of change of a braking force (produced by the brake cylinder) with the oper- 
ating amount can be made higher when the operating amount is relatively large, than when the operating amount 
is relatively small, so that the braking sensitivity is comparatively high when the operating amount is relatively large. 

The vehicle running condition quantity may be a running speed of the vehicle, an acceleration value of the vehi- 
cle, a slipping condition quantity of the vehicle wheel, a turning condition quantity of the vehicle, or a running envi- 
ronment quantity of the vehicle. The sipping condition of the vehicle wheel includes sipping of the wheel while the 
wheel is braked, and slipping of the wheel while the wheel is driven. The slipping condition quantity of the wheel 
may be a sip ratio of the wheel, a slip amount or speed of the wheel, a rate of change of the slip ratio or amount, 
or a combination of the slip ratio or amount and the rate of change thereof. The turning condition quantity may be 
a yaw rate of the vehicle, a difference between rotating speeds of right and left wheels of the vehicle, a rate of 
change of the yaw rate or the wheel speed difference, or a combination of the yaw rate or wheel speed cfifference 
and the rate of change thereof. The running environment quantity indicates the environment in which the vehicle is 
running. 

For instance, the assisting drive force may be controlled so as to be larger when the vehicle running speed 
upon initiation of a braking operation of the braking system is comparatively high than when the vehicle running 
speed is comparatively low. In this instance, the retired stopping distance of the vehicle can be reduced. If the 
assisting drive force is controlled to be smaller when the slipping condition quantity of the wheel being braked is 
comparatively large than when the slipping condition quantity is comparatively small. In this case, the braking sta- 
bility of the vehicle can be improved. 

The vehicle running environment quantity may be a friction coefficient of the road surface, or an ambient tem- 
perature. Since the running condrtion of the vehicle can be esti ma ted from the vehicle running environment quan- 
tity, this vehicle running environment quantity may be considered to be the vehicle running concfition quantity. For 
instance, it is possible to consider that the sipping condrtion quantity of the wheel tends to be larger when the fric- 
tion coefficient of the road surface is conparativery low than when the friction coefficient is corrparativefy high. 
When the ambient temperature is comparatively low and the viscosity of the working fluid is comparatively high, it 
is possible to consider that the braking effect provided by the braking system tends to be delayed. Accordingly, the 
assisting drive force may be controlled to be larger to increase the master cylinder pressure to a higher level when 
the ambient temperature is relatively low, so that the delay of the braking effect at the relatively low ambient tem- 
perature can be reduced. The vehicle running environment quantity may be a quantity relating to a distance 
between the vehicle and a person or any other object in front of the vehicle. When this cfistance (which indicates a 
risk of collision of the vehicle with the object) is relatively small, or when a rate of reduction of this distance is rela- 
tively high (a rate of approach of the vehicle to the object) is relatively high, it is possible to consider that there is a 
relatively high risk of the vehicle collision with the object To rapidly stop the vehicle, therefore, it is desirable to con- 
trol the assisting drive force to be larger when the distance is relatively small or when the rate of reduction of the 
distance is relatively high. 

A control mode in which the assisting drive force e cc<rtrolled on me basis of the wheel sipping condition quan- 
tity, vehicle turning condition quantity or vehicle collision risk may be considered to be one form of an anti-lock con- 
trol, a traction control, a vehicle turning stability control, or an emergency brake control of the braking system. In 
the anti-lock control, for instance, the braking pressure applied to the brake cylinder may be controlled so as to hold 
the sip amount or ratio of the wheel within an optimum range, by changing the assisting drive force while maintain- 
ing the primary drive force at a coristam value. Where me assistirtgde 

force without an operation of the brake operating member, the traction control or vehicle turning stability control can 
be effected by controlling the assisting drive force. The emergency brake control may be effected for the purpose 
of increasing the braking force during operation of the brake operating member, or for the purpose of generating a 
brakirig force witriout or ^ member. Where the assisting device is operable 

without an operation of the brake operating member, the emergerx^ brake control may be effected for the latter pur- 
pose 
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The braking system may include a running condition control device in addition to the assisting device, so that 
the anti-lock control, traction control and vehicle turning stability control is effected by the running condition control 
device. In this case, the assisting drive force produced by the assisting device may be controlled depending upon 
whether the running condition control device is in operation. For example, the assisting drive force may be control- 
led to be comparatively small while the running condition control device is in operation, so that the assisting drive 
force has a reduced degree of influence on the anti-lock, traction or vehicle turning stability control. In this case, a 
control quantity (one or zero, for example) indicating whether the running condition control device is in operation 
may be considered to be the vehicle running condition quantity. 

(3) A hydraulically operated braking system according to the above mode (1) or (2), wherein the assisting device 
comprises: an assisting cylinder including an assisting piston operatively connected to the pressurizing piston, the 
assisting cylinder having an assisting pressure chamber which is partially defined by the assisting piston; a high- 
pressure source; a reservoir; a solenoid-operated pressure control valve device connected to the high-pressure 
source, the reservoir and the assisting pressure chamber, for selectively supplying the fluid from the high-pressure 
source to the assisting pressure chamber and returning the fluid from the assisting pressure chamber to the reser- 
voir; and a control valve control device for controlling the solenoid-operated pressure control valve device to control 
a pressure of the fluid in the assisting pressure chamber. 

In the above mode of the braking system, a force acting on the assisting piston based on the fluid pressure in 
the assisting pressure chamber is increased to increase the assisting drive force to be applied to the pressurizing 
piston, as the fluid pressure in the assisting pressure chamber is increased. 

The assisting cylinder may be disposed in parallel or in series with the master cylinder. Where the assisting cyl- 
inder is disposed in parallel with the master cylinder, piston rods of the pressurizing piston and the assisting piston 
are operativefy connected, at their ends remote from the pistons, to the brake operating member, such that those 
ends are spaced from each other in the longitudinal direction of the brake operating member. Where the assisting 
cylinder is disposed in series with the master cylinder, a portion of the piston rod of the pressurizing piston may be 
utiBzed as the piston rod of the assisting piston. Alternatively, the pressurizing and assisting pistons may be formed 
integrally with each other. In this latter case, the assisting cylinder and the master cyfinder desirably employ the 
same cylinder housing in which the pressurizing chamber and the assisting pressure chamber are formed. On the 
other hand, the solenoid-operated pressure control valve device may consist of a single solenoid-operated pres- 
sure control valve, a plurality of solenoid-operated shut-off valve, or at least one solenoid-operated directional con- 
trol valve. Where the solenoid-operated pressure control valve device includes a pressure increase control valve 
disposed between the high-pressure source and the assisting pressure chamber, and a pressure reduction control 
valve cfisposed between the reservoir and the assisting pressure chamber, a solenoid-operated shut-off valve may 
be presided between the pressure reduction control valve and the assisting pressure chamber, and/br between the 
pressure reduction control valve and the reservoir. In this case, the solenoid-operated shut-off valve is controlled 
such that the shut-off valve is open while the pressure reduction control valve is in a pressure-reducing state for 
permitting the pressurized fluid to be discharged from the assisting pressure chamber into the reservoir, and is 
closed while the pressure reduction control valve is in a pressure holding state for inhibiting a discharge flow of the 
fluid from the assisting pressure chamber. This shut-off valve prevents the pressurized fluid from being discharged 
from the assisting pressure chamber towards the reservoir even when the fluid leaks from the pressure reduction 
control valve. Thus, the shut-off valve is controlled in response to the operating state of the pressure reduction con- 
trol valve. 

(4) A hydraulically operated braking system according to the above mode (1) or (2), wherein the assisting device 
comprises: an assisting rod operatively connected to the brake operating member; an electrically operated actuator 
for applying an electrically generated drive force to the assisting rod; and an actuator control device for controlling 
the actuator to control the electrically generated drive force for controlling the assisting drive force to be applied to 
the pressurizing piston. 

The electrically generated drive force to be applied to the assisting rod is controlled by controlling the electri- 
cally operated actuator, so that the assisting drive force to be applied to the pressurizing piston is controlled. The 
actuator may be an electric motor or a piezoelectric element or elements. 

(5) A hydraulically operated braking system according to the above mode (3), further comprising an emergency clo- 
sure valve disposed between the assisting pressure chamber and the solenoid-operated pressure control valve 
device and which is normally placed in an open state for fluid connecting the assisting pressure chamber and the 
solenoid-operated pressure control valve device to each other, the emergency closure valve being brought to a 
dosed state for disconnecting the assisting pressure chamber and the solenoid-operated pressure control valve 
device from each other, in the event of an abnormality of the solenoid-operated pressure control valve device. 

The braking systems according to the above mode (5) and any one of the following modes of this invention are 
improvements of the braking system according to the above mode (1), (2) or (3). 

The "abnormality of the solenoid-operated pressure control valve device" descrfoed above with respect to the 
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above mode (5) includes a failure of the solenoid-operated pressure control valve itself to normally function, and an 
electrical abnormality that prevents the application of an electric current to the solenoid-operated pressure control 
valve device. Where the pressure control valve device includes the pressure increase control valve between the 
assisting pressure chamber and the high-pressure source, and a pressure reduction control valve between the 

5 assisting pressure chamber and the reservoir, the pressure increase or pressure control valve cannot be dosed 
due to sticking due to a foreign matter contained in the working fluid. In this case, the pressurized fluid is continu- 
ously fed from the high-pressure source to the assisting pressure chamber, or is continuously discharged from the 
assisting pressure chamber towards the reservoir. Accordingly, the fluid pressure in the assisting pressure chamber 
may be increased to an abnormally high level or lowered to an abnormally low level. Such an abnormal variation of 

10 the fluid pressure in the assisting pressure chamber can be avoided by the emergency closure shut-off valve which 
is placed in the closed state to disconnect the assisting pressure chamber and the sdenoid-operated pressure con- 
trol valve device from each other, in the even of occurrence of an abnormality of the pressure increase or reduction 
control valve. The abnormality that the pressure increase control valve cannot be closed may be detected if the fluid 
pressure in the assisting pressure chamber is increased even when the pressure increase control valve is com- 

is manded to be closed, or if the actual value of the f yd pressure in the assisting pressure chamber is higher than a 
desired or target value by more than a predetermined amount and if the absolute value of the difference between 
the actual and desired values is increasing. An abnormality that the abnormality of the pressure reduction control 
valve cannot be closed can be detected if the fluid pressure in the assisting pressure chamber is reduced even 
when the pressure reduction control valve is commanded to be closed, or if the actual value of the fluid pressure in 

20 the assisting pressure chamber is lower than a desired or target value by more than a predetermined amount and 
if the absolute value of the difference of the actual and desired values is increasing. 

The sdenoid-operated pressure control valve device may be arranged to be brought to a pressure holding 
state for inhibiting a flow of the fluid from the assisting pressure chamber towards the reservoir a a flow of the fluid 
from the high-pressure source into the assisting pressure chamber, in the event of an electrical abnormality that 

25 prevents an electric current from being applied to the pressure control valve device In this case, the fluid may leak 
from the pressure control valve device placed in the pressure holding state. The provision of the emergency closure 
valve for disconnecting the assisting pressure chamber and the solenoid-operated pressure control valve device is 
effective to prevent or reduce a variation in the fluid pressure in the assisting pressure chamber in the event of such 
an electrical abnormality. 

30 (6) A hydraulically operated braking system according to any one of the above modes (3), (4) and (5), further com- 
prising an emergency high-pressure source communicating device for connecting the assisting pressure chamber 
and the high-pressure source whfle by-passing the solenoid-operated pressure control valve device, in the event of 
an abnormality of the solenoid-operated pressure control valve device 

The "abnormality of the sdenoid-operated pressure control valve device" described above with respect to the 

35 above mode (6) may be an abnormality that prevents the pressurized fluid from being supplied from the high-pres- 
sure source to the assisting pressure chamber. Where the solenoid-operated pressure control valve device 
includes a pressure increase control valve disposed between the assisting pressure chamber and the high-pres- 
sure source, the abnormality of the pressure control valve device may be an abrwmality that the pressure increase 
control valve cannot be opened, making it impossible to supply the pressurized fluid to the assisting pressure 

40 chamber through the pressure increase control valve In this case, the high-pressure source can be <x>mrrajnicated 
with the assisting pressure chamber through the emergency high-pressure source communicating device, so that 
the pressurized fluid can be supplied from the high-pressure source to the assisting pressure chamber. The pres- 
sure increase control valve cannot be opened, due to sticking of a movable member of the control valve caused by 
a foreign matter contained in the fluid or rusting of the movable member, or alternatively due to an electrical defect 

45 of the control valve In either of these abnormalities, the emergency high-pressure source cornmunicating is effec- 
tive only where the pressurized fluid having a high pressure is available from the high-pressure source 

The emergency high-pressure source communicating device may include a by-pass passage which connects 
the high-pressure source and the assisting pressure chamber while by-passing the solenoid-operated pressure 
control valve device, and a normally-open sotem>id-operated shut-off valve provided in the by-pass passage. The 

so shut-off valve is opened when an electric current is not applied to its solenoid coil, so that the pressurized fluid can 
be supplied from the high-pressure source to the assisting pressure chamber even when the pressure increase 
control valve cannot be opened due to an electrical abnormality. 

Where the braking system includes both of the features of the above modes (5) and (6), the emergency high- 
pressure source communicating device is preferable arranged to connect the assisting pressure chamber and the 

55 high-pressure source to each other even when the emergency closure valve cannot be switch from the closed state 
to the open state 

(7) A hydraufically operated braking system according to the above mode (6), wherein the emergency high-pres- 
sure source communicating device includes a pilot-operated pressure control valve which is connected to the 
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assisting pressure chamber, the high-pressure source and the reservoir and which is operated in response to the 
fluid pressure in the pressurizing chamber of the master cylinder received as a pilot pressure, so as to control the 
fluid pressure received from said high-pressure source depending upon the pilot pressure, and apply the controlled 
fluid pressure to the assisting pressure chamber. 

The use of the pilot-operated pressure control valve permits the non-electrical control of the fluid pressure of 
the high-pressure source depending upon the master cylinder pressure, so that the controlled fluid pressure is 
applied to the assisting pressure chamber. Therefore, even when the solenoid-operated pressure control valve 
device fails to normally operate, for example, the assisting cylinder can be actuated to control the assisting drive 
force depending upon the master cylinder pressure, as long as the high-pressure source is normal. Where the high- 
pressure source includes a pump and an accumulator, the assisting cylinder can be actuated even after the pump 
becomes inoperable, as long as the pressurized fluid is stored in the accumulator. 

(8) A hydraulicalty operated braking system according to the above mode (7), wherein the pilot-operated pressure 
control valve is provided in a by-pass passage which connects the assisting pressure chamber and the high-pres- 
sure source while by-passing the solenoid-operated pressure control valve device, and the emergency high-pres- 
sure source communicating device further includes a higher-pressure applying device connected to the by-pass 
passage, the solenoid-operated pressure control valve device and the assisting pressure chamber, the higher- 
pressure applying device being operated to apply a higher one of the fluid pressures received from the solenoid- 
operated pressure control valve device and the pilot-operated pressure control valve. 

In the braking system according to the above mode (8), the higher one of the fluid pressures which the higher- 
pressure applying device receive from the pilot-operated pressure control valve and the solenoid-operated pres- 
sure control valve device is applied to the assisting pressure chamber. Accordingly, the assisting pressure chamber 
is actuated with the consistently higher fluid pressure, than in the case where a predetermined of the above-indi- 
cated two fluid pressures is appfied to the assisting pressure chamber. A normally-dosed solenoid-operated shut- 
off valve may be disposed between the pflot-operated pressure control valve and the high-pressure source, so that 
this shut-off valve is opened in the event of occurrence of an abnormality of the solenoid-operated pressure control 
valve device, In this case, the pilot-operated presstre control valve is operable only when the solenoid-operated 
pressure control valve device is not normally operable. 

(9) A hydraulically operated braking system according to any one of the above mode (3) and (5)-(8), wherein the 
master cylinder and the assisting cylinder has respective separate cylinder housings, and the assisting piston is 
operatively connected to the pressurizing piston trough the brake operating member, and wherein pressure-receiv- 
ing surface areas of the assisting and pressurizing pistons and distances between a fulcrum of the brake operating 
member and points of connection of the assisting and pressurizing pistons to the brake operating member are 
determined such that a product of the pressure-receiving surface area of the assisting piston and the distance 
between the fulcrum and the point of connection of the assisting piston is smaller than a product of the pressure- 
receiving surface area of the pressurizing piston and the distance between the fulcrum and the point of connection 
of the pressurizing piston, the braking system further comprising an emergency fluid communicating device cfis- 
posed between the assisting presstre chamber and the pressurizing chamber, the emergency fluid communicating 
device being placed in a closed state disconnecting the assisting pressure chamber and the pressurizing chamber 
from each other during an operation of the braking system when the assisting device is normally operable, and 
brought to an open position for fluid communication between the assisting pressure chamber and the pressurizing 
chamber in the event of occurrence of an abnormality of the assisting device during the operation of the braking 
system. 

The "abnormality of the assisting device" described above with respect to the above mode (9) may be an 
abnormality that prevents the application of a pressurized fluid to the assisting pressure chamber, an abnormality 
that prevents the control of the fluid pressure in the assisting pressure chamber, or an abnormality that prevents 
flaws of the fluid into and from the assisting pressure chamber. These abnormalities may arise from an electrical 
defect of the assisting device, or an abnormality associated with the high-pressure source, the solenoid-operated 
pressure control valve device or the control valve control device. 

In the braking system according to the above mode (9), the pressurizing chamber of the master cylinder and 
the assisting pressure chamber of the assisting cylinder are communicated with each other through the emergency 
fluid communicating device, in the event of an abnormality of the assisting device. Accordingly, the fluid flows 
between the assisting and pressurizing chambers are permitted, although the fluid flows between the assisting 
pressure chamber and the high-pressure source or the reservoir are not posstole. When the brake operating mem- 
ber is operated, the fluid is supplied from the pressurizing chamber of the master cylinder to the assisting pressure 
chamber, so that the assisting piston is permitted to be moved. This arrangement prevents the assisting cylinder 
from preventing an operation of the brake operating member. When the brake operating member is released, the 
fluid is returned from the assisting pressure chamber to the pressurizing chamber. 

Further, the product of the pressure-receiving surface area of the assisting piston and the cfistance between 
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the fulcrum of the brake operating member and the point of connection of the assisting piston to the brake operating 
member is made smaller than the product of the pressure-receiving surface area of the pressurizing piston and the 
distance between the fulcrum of the brake operating member and the point of connection of the pressurizing piston 
to the brake operating member. Accordingly, the fluid pressurized in the pressurizing chamber can be supplied to 
the brake cylinder, although the pressurized fluid is supplied from the pressurizing chamber also to the assisting 
pressure chamber, as explained below. Further, the supply of the pressurizing fluid from the pressurizing chamber 
to the assisting pressure chamber causes the assisting cylinder to provide an assisting drive force (which is larger 
than zero), which is applied to the assisting piston through the brake operating member. Thus, the present arrange- 
ment is substantially equivalent to a reduction of the pressure-receiving surface area of the pressurizing piston, and 
permits boosting of the fluid pressure generated in the pressurizing piston for a given operating force acting on the 
brake operating member. 

As described in detail in the DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS, the fluid 
pressure in the assisting pressure chamber of the assisting cyfinder becomes equal to that in the pressurizing 
chamber of the master cyfinder when the assisting pressure chamber and the pressurizing chamber are communi- 
cated with each other. Where the master cylinder and the assisting cylinder are disposed in parallel with each other, 
as shown in Fig. 2, the fluid pressure P M 'in the pressurizing chamber (master cylinder pressure P M 1 is expressed 
by the following equation: 

Pm'^xLp/^xSm-LsxSs) (1) 
In the above equation (1), Sg, Sm, Lm, F, Lp represent the following: 
S$: pressure-receiving surface area of the assisting piston, 

Ls: distance between the fulcrum of the brake operating member and the point of connection of the assisting 

piston to the brake operating member, 
Sm: pressure-receiving surface area of the pressurizing piston, 

Lm : distance between the fulcrum of the brake operating member and the point of connection of the pressuriz- 
ing piston to the brake operating member, 
F: operating force applied to the brake operating member by the operator, and 

Lp: Distance between the fulcrum and the point at which the operating force acts on the brake operating mem- 
ber. 

Since SsxLg is smaOer than SmxLm, as descrfced above, the master cylinder pressure P M ' will not be a neg- 
ative pressure, so that the fluid is prevented from being discharged from the brake cylinder into the pressurizing 
chamber. 

On the other hand, the master cyfinder pressure P M when the assisting drive force is zero is expressed by the 
following equation (2): 

Pm = F*ML M *S m ) (2) 

By using the above equation (2), the above equation (1) can be converted into the following equation (3): 

Pm^PmML m xS m V(L m xS m -L s xS s ) (3) 

It will be understood from the above equation (3) that a ratio of the master cyfinder pressure P M * when the 
assisting pressure chamber and the pressurizing chamber are communicated with each other to the master cylin- 
der pressure P M when the assisting drive force is zero is expressed by the following equation (4): 

Pm^m = 1/0-(L s xS s /L m xS m )} (4) 

Since S s xL s < S M xL M , the ratio P M '/P M is larger than 1. Thus, the braking force can be made larger when 
the assisting pressure chamber and the pressurizing chamber are cx>mmunicated with each other than when these 
two chambers are not communicated with each other. As the brake operating member is operated, the fluid pres- 
surized in the pressurizing chamber is supplied to the assisting pressure chamber, resulting in an increase in the 
fluid pressure in the assisting pressure chamber, and a force based on the fluid pressure in the assisting pressure 
chamber acts on the assisting piston, so that the assisting drive force based on the force acting on the assisting 
piston is applied to the pressurizing piston through the brake operating member. 

(10) A hydraulically operated braking system according to any one of the above modes (3) and (5)-(8), wherein the 
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master cylinder and the assisting cylinder are disposed in series with each other, and the assisting piston has a 
pressure-receiving surface area smaller than that of the pressurising piston, the braking system further comprising 
an emergency communicating device disposed between the assisting pressure chamber and the pressurizing 
chamber, the emergency fluid communicating device being placed in a closed state disconnecting the assisting 
pressure chamber and the pressurizing chamber from each other during an operation of the braking system when 
the assisting device is normally operable, and brought to an open position for fluid communication between the 
assisting pressure chamber and the pressuring chamber in the event of occurrence of an abnormality of the assist- 
ing device during the operation of the braking system. 

The braking system according to the above mode (1 0) is substantially identical with the braking system accord- 
ing to the above mode (9) as modified such that the distance Lm is made equal to the cfistance Ls. In both of these 
modes (9) and (10), the assisting cylinder is arranged so that the assisting piston produces a moment that acts on 
the brake operating member in the direction in which the brake operating force acts on the brake operating member. 

(11 ) A hydraulically operated braking system according to the above mode (9) or (10), wherein the emergency fluid 
communicating device includes a mechanically operated switch valve which is switched from a closed state for dis- 
connecting the assisting pressure chamber and the pressurizing chamber, to an open state lor fluid communication 
between the assisting pressure chamber and the pressurizing chamber when the fluid pressure in the high-pres- 
sure source is lowered below a predetermined tower limit 

When the fluid pressure in the high-pressure source is lowered below the predetermined lower limit due to an 
abnormality of the high-pressure source, the assisting pressure chamber is generated cfisconnected from both the 
high-pressure source and the reservoir, by the solenoid-operated pressure control valve device. In this case, the 
fluid flows into and from the assisting pressure chamber are not possible. However, the mechanically operated 
switch vale placed in the open state permits the fluid communication between the assisting pressure chamber and 
the pressurizing chamber, namely, permits the fluid flows between these two chambers. The mechanically operated 
switch valve is more reliable than a solenoid-operated switch valve, and is typically a pilot-operated switch valve 
which receives the fluid pressure of the high-pressure source as a pilot pressure. 

(12) A hydraulically operated braking system according to the above mode (9) or (10), wherein the emergency fluid 
communicating device includes an electrically operated switch valve which is switched from a closed state for dis- 
connecting the assisting pressure chamber and the pressurizing chamber, to an open state for fluid communication 
between the assisting pressure chamber and the pressurizing chamber in the even of occurrence of an abnormality 
of the assisting device. 

(13) A hydraulically operated braking system according to any one of the above modes (9)-(12), wherein the emer- 
gency fluid communicating device is brought to the open state in the event of occurrence of the abnormality of the 
assisting device, if the fluid pressure in the pressurizing chamber is higher than the fluid pressure in the assisting 
pressure chamber by more than a predetermined amourrt 

In the braking system according to the above mode (13), the pressurizing chamber of the master cylinder and 
the assisting pressure chamber of the assisting cylinder are communicated with each other when the fluid pressure 
in the pressurizing chamber is higher than the fluid pressure the assisting pressure chamber by more than the pre- 
determined amount, due to the abnormality of the assisting device. The communication between the pressurizing 
chamber and the assisting pressure chamber with each other through the emergency fluid communicating device 
has substantially the same effect as a reduction in the inside diameter of the master cylinder. Accordingly, the oper- 
ating stroke of the pressurizing piston of the master cylinder is increased. However, the communication is not 
effected immediately after the assisting device has become abnormal, but is effected only after the fluid pressure 
in the pressurizing chamber has become higher than that in the assisting pressure chamber by more than the pre- 
determined amount This arrangement results in a reduction of the operating stroke of the pressurizing piston. For 
instance, the predetermined amount may be determined that the emergency fluid communicating device is held 
closed disconnecting the pressurizing chamber and the assisting pressure chamber until the brake cylinder has 
been filled with the ftuid and started to provide a braking effect This arrangement is effective to reduce the required 
operating stroke of the pressurizing piston and therefore the required operating stroke of the brake operating mem- 
ber, with substantially no deterioration of the function of the assisting device. 

(14) A hydraulically operated braking system according to any one of the above modes (9)-(13), wherein the emer- 
gency fluid communicating device includes (a) a fluid passage connecting the assisting pressure chamber and the 
pressurizing chamber, (b) a switch valve which is deposed i n the fluid passage and which is switch ed from a closed 
state disconnecting the assisting pressure chamber and the pressurizing chamber, to an open state for communi- 
cation between the assisting pressure chamber and the pressurizing chamber, in the event of the abnormality of 
the assisting device, and (c) a differential shut-off valve which is disposed in the fluid passage in series with the 
switch valve and which permits a flow of the fluid from the pressurizing chamber towards the assisting pressure 
chamber when the fluid pressure in the pressurizing chamber has become higher than the fluid pressure in the 
assisting pressure chamber by more than the predetermined amount 
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In the braking system according to the above mode (13), a flow of the fluid from the pressurizing chamber 
towards the assisting pressure chamber is inhibited even after the switch valve is switched to the open state, as 
long as the fluid pressure in the pressurizing pressure chamber is not higher than the fluid pressure in the assisting 
pressure chamber by more than the predetermined amount, that is, as long as the differential shut-off valve is held 

5 closed. In this respect, the differential shut-off valve may be considered to be a flow restrictor device, or a dance 
for limiting the flew of the fluid from the pressurizing chamber into the assisting pressure chamber. 

The predetermined amount indicated above, that is, the opening pressure difference of the differential shut-off 
valve may be a fixed value determined by a biasing force of a spring incorporated in the differential shut-off valve, 
or may be variable depending upon an electric energy applied to a coil incorporated in the valve. Where the open- 

10 ing pressure cfifference is variable, the relationship between the operating stroke of the pressurizing piston and the 
fluid pressure of the pressurizing chamber can be controlled. 

A check valve which inhtoHs a fluid flow from the pressurizing chamber towards the assisting pressure chamber 
and alkws a fluid flow in the opposite direction may be dsposed in parallel with the differential shut-off valva The 
check valve permits the fluid to be returned from the assisting pressure chamber to the pressurizing chamber when 

is the brake operating member is released. 

.. (15) A hydrauGcally operated braking system accortfing to the above modes (9), (10), (12) and (13), wherein the 
emergency fluid communicating device includes an electrically operated switch valve which is disposed between 
the assisting pressure chamber and the pressurizing chamber and which is swftchable between a closed state dis- 
connecting the assisting pressure chamber and the pressurizing chamber and an open state for communication 

20 between the assisting pressure chamber and the pressurizing chamber, and a switch valve control means for 
switching the electrically operated switch valve from the dosed state to the open state when the assisting device is 
not normally operable and when the fluid pressure in the pressurizing chamber is higher than the fluid pressure in 
the assisting pressure chamber by more than the predetermined amount. 

The braking system according to the above mode (15) also permits the fluid in the pressurizing chamber to be 

25 sufficiently pressurized while reducing the operating stroke of the pressurizing piston, in the event of an abnormality 
of the assisting device. 

The electrically operated switch valve indicated above may be replaced by a mechanically operated switch 
valve which is switched from the closed state to the open state when the fluid pressure in the pressurizing chamber 
has become higher than the fluid pressure in the assisting pressure chamber by more than the predetermined 
30 amount while the fluid pressure in the high-pressure source is lower than a predetermined lower limit. For instance, 
the mechanically operated switch valve may be adapted to be opened when a force based on the pressure differ- 
ence of the pressurizing chamber and the assisting pressure chamber has become larger than a force based on 
the fluid pressure in the high-pressure source. 

(16) A hydrauficalry operated braking system accortfing to any one of the above modes (3), (5)-(8) and (13)-{15), 
35 further comprising an emergency reservoir communicating device disposed between the assisting pressure cham- 
ber and the reservoir, the emergency reservoir communicating device being placed in a closed state disconnecting 
the assisting pressure chamber and the reservoir from each other during an operation of the braking system when 
the assisting device is normally operable, and brought to an open state for fluid communication between the assist- 
ing pressure chamber and the reservoir in the event of occurrence of an abnormality of the assisting device during 

40 the operation of the braking system. 

In the braking system according to the above mode (1 6), the assisting pressure chamber and the reservoir are 
communicated with each other through the emergency reservoir communicating device to permit the fluid flows 
between the assisting pressure chamber and the reservoir, in the event of an abnormality of the assisting device, 
that is, when the fluid flows between the assisting pressure chamber into and from the high-pressure source or the 

45 reservoir are impossible. When the brake operating member is operated, the fluid is supplied from the reservoir into 
the assisting pressure chamber. When the brake operating member is released, the fluid is returned from the 
assisting pressure chamber back to the reservoir. The reservoir with which the assisting pressure chamber is com- 
municated with the emergency reservoir comrminicating device may be a master reservoir used for the master cyl- 
inder, or may be a reservoir separate from the master reservoir. The assisting cylinder is usually disposed near the 

so master cyfinder (or may be formed integrally with the master cyfinder). In this respect, the emergency reservoir 
communicating device is desirably disposed in a fluid passage connecting the assisting pressure chamber and the 
master reservoir, so that the fluid passage may be shortened. 

Where the emergency reservoir cx>mmunicating device is provided in the braking system according to any one 
of the above modes (13)-(1 5), this device permits the fluid flows between the assisting pressure chamber and the 

55 reservoir, even if the fluid flows between the assisting pressure chamber and the pressurizing chamber are 
restric te d by the emergency fluid cornmunicating device, differential shut-off valve or electrically operated switch 
valve indicated above, in the event of an abnormality of the assisting device. 

(1 7) A hydraulically operated braking system according to any one of the above modes (1 M 1 6). further comprising; 
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a master reservoir; a fluid passage for fluid communication between the master reservoir and the pressurizing 
chamber of the master cylinder, irrespective of a position of the pressurizing piston; and a check valve disposed in 
the fluid passage, the check valve inhibiting a flow of the fluid from the pressurizing chamber towards the master 
reservoir and allowing a flow of the fluid from the master reservoir towards the pressurizing chamber. 

5 In the conventional master cylinder, the pressurizing chamber is connected and disconnected to and from the 

master reservoir, depending upon the position of the pressurizing piston. For instance, the conventional master cyl- 
inder has a port which is formed in its cylinder housing and which cx>mrnunicates with the master reservoir through 
a flud passage, and includes a cup seal provided on the pressurizing piston. In this conventional master cylinder, 
the port is open for fluid communication of the pressurizing chamber with the master reservoir when the pressuriz- 

10 ing piston is placed in the original or fully retracted position. When the pressurizing piston is advanced from the 
original position, the port is closed by the cup seal, and the pressurizing chamber is disconnected from the master 
reservoir, so that the fluid pressure in the pressurizing chamber is increased as the pressurizing piston is 
advanced. As the volume of the pressurizing chamber increases with a retracting mwement of the pressurizing pis- 
ton towards the original position, the fluid is permitted to flow from the master reservoir into the pressurizing cham- 

15 ber, to thereby prevent the fluid pressure in the pressurizing chamber from being lowered below the atmospheric 
level. When the pressurizing piston has been returned to its original position, the port is opened to the pressurizing 
chamber, for communicating the pressurizing chamber with the master reservoir. 

Another type of conventional master cylinder has an inlet check valve disposed between the cylinder housing 
and the pressurizing piston, or between pressurizing pistons. In this type of master cylinder, the inlet check valve is 

20 operated from the open state to the dosed state when the pressurizing piston is advanced. In the closed state of 
the inlet check valve, the pressurizing chamber is disconnected from the master reservoir, so that the fluid pressure 
in the pressurizing chamber can be increased as the pressurizing piston is advanced. When the pressurizing piston 
is retracted, the inlet check valve is brought to the open state, the fluid is supplied from the master reservoir to the 
pressurizing chamber, to prevent the fluid pressure in the pressurizing chamber from being lowered below the 

25 atmospheric level. When the pressurizing piston has been returned to its original position, the inlet check valve is 
restored to its open state for fluid conrrrtunication of the pressurizing chamber with the master reservoir. 

In the master cylinder of the braking system according to the above mode (1 7), the pressurizing chamber and 
the master reservoir are held in communication with each other through the fluid passage, irrespective of the posi- 
tion of the pressurizing piston. Namely, the pressurizing chamber is not disconnected from the master reservoir 

30 depending upon the position of the pressurizing piston, but the pressurizing chamber is always held in communi- 
cation with the master reservoir through the fluid passage. However, the check valve is provided in this fluid pas- 
sage, so as to permit the flow of the fluid from the master reservoir towards the pressurizing chamber, and inhibit 
the fluid flow in the opposite direction. Since the fluid is prevented by the check valve from being discharged from 
the pressurizing chamber into the master reservoir, the fluid pressure in the pressurizing chamber can be increased 

35 as the pressurizing piston is advanced. Further, since the fluid is permitted to be fed from the master reservoir into 
the pressurizing chamber, the fluid pressure in the pressurizing chamber is prevented from being lowered below 
the atmospheric level when the pressurizing piston is retracted to its original or fully retracted position. This 
arrangement eliminates an increase in the operating stroke of the pressurizing piston, which is required in the con- 
ventional master cylinder, to selectively open and close the cup seal or the inlet check valve. Accordingly, the 

40 required longitudinal or axial dimension of the master cylinder can be reduced in the present braking system. 
Where the master cylinder is provided in series with the assisting cylinder, the required overall length of the master 
cylinder and the assisting cylinder is relatively larga Therefore, the feature of the above mode (17) is particularly 
advantageous when it is provided in combination of the series arrangement of the master cylinder and the assisting 
cylinder. 

45 The assisting device in the braking system according to the above mode (17) may utflize the master reservoir, 

or employs an exclusive reservoir different from the master reservoir. 

The feature of the above mode (17) is available independently of the feature of any one of the above modes (1) 
-(16) of the present invention. 

(18) A hydraulically operated braking system according to the above mode (17), wherein the master cylinder 
so includes a cylinder housing having a port connected to the fluid passage and communicating with the pressurizing 
chamber, the master cylinder further inducting a device for preventing the port from being closed by the pressuriz- 
ing piston. 

In the braking system according to the above mode (1 8), the port is held in communication with the pressuriz- 
ing chamber, sothat the pressurizing chamber is held in comrrwnicatjon with the master reservoir. For instance, the 
55 device for preventing the port from being closed by the pressurizing piston includes annular radial walls which are 
formed on the inner drcumferential surface of the cylinder housing and with which the pressurizing piston fluid- 
tightly and stidabry engages. In this case, the port wBI not be closed by the pressurizing piston, irrespective of the 
position of the pressurizing piston relative to the cylinder housing. 
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(1 9) A hydraulically operated braking system according to any one of the above modes (1 H1 9), wherein the master 
cylinder includes (a) a first pressurizing piston operativety connected to the brake operating member partially defin- 
ing a first pressurizing chamber whose volume decreases as the first pressurizing piston is moved, (b) a second 
pressurizing piston which the partially defines the first pressurizing chamber and a second pressurizing chamber 
in front of the first pressurizing chamber, so as to separate the first and second pressurizi ng chambers from each 
other, and which is movable relative to the first pressurizing piston, (c) a second pressurizing chamber pressurizing 
device for pressurizing the fluid in the second pressurizing chamber by supplying a pressurized fluid from a pres- 
sure source external to the master cylinder, into the second pressurizing chamber, and (d) a volume reduction pre- 
venting device for permitting the volume of the first pressurizing chamber to be increased as the first pressurizing 
piston is advanced from an original position thereof while said second pressurizing piston is placed in an original 
position thereof, and for preventing the volume of the first pressurizing chamber from being reduced when the fluid 
pressure in the second pressurizing chamber is increased by the second pressurizing chamber pressurizing dance 
while said second pressurizing piston is placed in said original position. 

In the master cylinder of the braking system accorcfing to the above mode (1 9), the first and second pressuriz- 
ing chambers of the master cyfinder are separated from each other by the second pressurizing piston. As the brake 
operating member is operated, the first pressurizing piston is advanced, and the volume of the first pressurizing 
chamber is reduced so as to increase the fluid pressure in the first pressurizing chamber. As a result, the second 
pressurizing piston is advanced so as to increase the fluid pressure in the second pressurizing chamber. The vol- 
ume reduction preventing device prevents reduction of the volume of the first pressurizing chamber due to an 
increase in the fluid pressure in the second pressurizing chamber with an advancing movement of the first pressu- 
rizing piston from the original position while the first pressurizing piston is placed in the original position. Therefore, 
the fluid pressure in the second pressurizing chamber can be increased by the second pressurizing chamber pres- 
surizing device by supplying the pressurized fluid from the external pressure source to the second pressurizing 
chamber, without increasing the fluid pressure in the first pressurizing chamber. Thus, the fluid pressure in the 
brake cylinder communicating with the second pressurizing chamber can be increased without increasing the fluid 
pressure in the brake cylinder communicating with the first pressurizing chamber. When the brake operating mem- 
ber is operated in this condition, the first pressurizing piston is permitted to be advanced by the operated brake 
operating member, so that the fluid pressure in the first pressurizing chamber is increased, to increase the fluid 
pressure in the brake cylinder communicating with the first pressurizing chamber. When the brake operating mem- 
ber is operated while the fluid pressure in the second pressurizing chamber is relatively high, a sufficient amount 
of the pressurized fluid can be supplied from the first pressurizing chamber to the corresponding brake cylinder, so 
that this brake cylinder can be actuated without a trouble. 

The second pressurizing chamber pressurizing device may be a device exclusively used for pressurizing the 
second pressurizing chamber independently of the assisting device. Alternatively, the assisting device may be uti- 
lized as the second pressurizing chamber pressurizing device. 

The feature of the above mode (19) may be available independently of the feature of any one of the above 
modes (1) -(18). 

(20) A hydraulically operated braking system accorcfing to the above mode (1 9), wherein the original position of the 
second pressurizing piston is a fully retracted position thereof, and the volume reduction preventing device is a 
stopper device for preventing a movement of the second pressuizing piston from the fully retracted position in a 
direction opposite to a direction of an advancing movement of the second pressurizing piston. 

When the second pressurizing piston is placed in the fully retracted position, the second pressurizing piston is 
not moved from the fully retracted position in the retracting direction even when the fluid pressure in the second 
pressurizing chamber is increased. Accordingly, an increase in the fluid pressure in the second pressurizing cham- 
ber wDI not cause the volume of the first pressuizing charrfcer to be reduced. TTre 
at an intermediate portion or rear end portion of the master cylinder. 

(21) A hydrauiicaDy operated braking system according to the above mode (19) or (20), wherein the second pres- 
surizing piston includes a partition portion for dividing an interior of a cylinder housing of the master cylinder into 
the first and second pressurizing chambers, and a cylindrical portion disposed on one side of the partition portion 
which is on the side of the first pressurizing piston, the original position of the second pressurizing piston being 
defined by an abutting contact of a rear open end face of the cylindrical portion with a rear end face of the cylinder 
housing, the stopper device including said rear open end face of said cylindrical portion and said rear end face of 
said cylinder housing, and wherein the first pressurizing piston is siidabiy fitted in the cylindrical portion of the sec- 
ond pressurizing piston. 

The fully retracted position of the second pressurizing piston is defined by the abutting contact of the rear open 
end face of the cyfindrical portion of the second pr e ss u rizing piston and the rear end face of the cylinder housing 
of the master cylinder. 

While the second pressurizing piston is movable relative to the cylinder housing of the master cyfinder, it is not 
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desirable that the relative movement of the second pressurizing piston and the cylinder housing is effected such 
that the outer circumferential surface of the cylindrical portion is in contact with the inner circumferential surface of 
the cylinder housing. In this respect, it is desirable to form an annular radial wall on one of the outer circumferential 
surface of the cylindrical portion and the inner circumferential surface of the cylinder housing, so that the other of 
those outer and inner circumferential surfaces fluid-tightly and slidably engages the annular radial wall. The annular 
radial wall may be formed on both of those outer and inner rircumferential surfaces so that the annular radial walls 
formed on these circumferential surfaces engage the circumferential surfaces. 

The partition portion of the second pressurizing piston indicated above may take the form of a cylinder or a cir- 
cular disc. The partition portion may be formed either integrally with or separately from the cylindrical portion which 
has the rear open end face indicated above. For instance, the second pressurizing piston may consist of two inte- 
grally formed cylindrical portions one of which has the rear open end face indicated above and the other of which 
has a bottom wall serving as the partition portion. 

(22) A hydraulicaJly operated braking system according to the above mode (21), wherein the first pressuring cham- 
ber includes an inner fluid chamber formed within the cylindrical portion of the second pressurizing piston and in 
front of the first pressurizing piston, and an outer annular fluid chamber formed between an outer circumferential 
surface of the second pressurizing piston and an inner rircumferential surface of the cyGnder housing, the cylindri- 
cal portion having a communication passage for fluid communication between the inner fluid chamber and the outer 
annular fluid chamber. 

In the braking system according to the above mode (22), the fluid is supplied from the first pressurizing cham- 
ber into the outer annular fluid chamber, and then into the brake cyGnder. The outer annular fluid chamber may be 
a variable-volume fluid chamber whose volume is reduced as the second pressurizing chamber is advanced, or a 
constant-volume fluid chamber whose volume is held constant However, the fluid pressure in the outer annular 
fluid chamber can be made higher when this fluid chamber is a variable-volume fluid chamber. 

The variable-volume outer annular fluid chamber may be defined by the inner circumferential surface of the cyl- 
inder housing, the outer rircumferential surface of the second pressurizing piston, a first annular radial wall formed 
on the inner circumferential surface of the cyfinder housing, and a second annular radial wall formed on the outer 
rircumferential surface of the second pressurizing piston. The first annular radial wall is formed in front of the sec- 
ond annular radial wall. The partition wall fluid-tightly and slidably engages the first annular radial wall, while the 
cylindrical portion fluid-tightly and slidably engages the second annular radial wall. In this arrangement, the volume 
of the variable-volume outer annular fluid chamber is reduced as the second pressurizing piston is advanced. 
Where the partition portion takes the form of a cylinder, the maximum operating stroke of the second pressurizing 
piston can be made comparatively large, so that the amount of change of the volume of the variable-volume outer 
annular fluid chamber can be made relatively large, and the weight of the partition portion can be reduced. 

(23) A hydraulicaDy operated braking system according to the above mode (22), wherein the outer annular fluid 
chamber has a volume which is reduced as the second pressuring piston is advanced, and the communication pas- 
sage functions as a fluid flow restrictor for restricting a flow of the fluid between the inner fluid chamber and the 
outer annular fluid chamber. 

In the braking system according to the above mode (23), there may arise a difference between the fluid pres- 
sures in the inner fluid chamber and the outer annular fluid chamber, in the presence of the fluid flow restrictor ther- 
ebetween. When the brake operating member is operated at a relatively high speed so as to rapidly reduce the 
volume of the inner fluid chamber, the fluid flow from the inner fluid chamber into the variaMe-volume outer annular 
fluid chamber is restricted by the fluid flow restrictor, so that the fluid pressure in the inner fluid chamber is 
increased, thereby causing a fluid pressure difference between the outer and inner fluid chambers. On the basis of 
this fluid pressure difference, the second pressurizing piston having a larger pressure-receiving surface area is 
advanced, and the volume of the variabie-votume outer annular fluid chamber is reduced. As a result, the fluid pres- 
sure in the brake cylinder can be increased at a higher rate when the second pressuring piston is advanced, than 
when the first pressurizing piston whose pressure-receiving surface area is smaller than that of the second pres- 
surizing piston is advanced relative to the second pressurizing piston. 

(24) A hydraulicaJly operated braking system according to any one of the above modes (1 9)-{23) f wherein the sec- 
ond pressurizing chamber is connected to a wheel brake cylinder as the brake cylinder for braking a drive wheel of 
an automotive vehicle, the braking system further comprising a solenoid-operated shut-off valve which is disposed 
between the second pressurizing chamber pressurizing device and the second pressurizing chamber and which 
has an open position for fluid cxxnmunication between the second pressurizing chamber pressurizing device and 
the second pressurizing chamber, and a closed position for disconnecting the second pressurizing chamber pres- 
suring device and the second pressurizing chamber from each other, and a drive wheel braking pressure control 
device for controlling the fluid pressure in the drive wheel brake cylinder while the solenoid-operated shut-off valve 
is held in said open state. 

In the braking system according to the above mode (24), the fluid can be supplied from the second pressurizing 
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chamber pressurizing device to the second pressurizing chamber through the solenoid-operated shut-off valve held 
in the open state, so that the fluid pressure in the drive wheel brake cylinder can be increased. The pressure of the 
fluid delivered from the second pressurizing chamber pressurizing device may be controllable or may be held con- 
stant Where the output pressure of the second pressurizing chamber pressurizing device is held constant it is 
preferable to provide a fluid pressure control vatve device between the second pressurizing chamber and the drive 
wheel brake cylinder, for controlling the fluid pressure to be applied to the drive wheel brake cylinder. 

The drive wheel braking pressure control device may include at least one of a drive wheel traction control 
device and a vehicle running or turning stability control device. In a drive wheel traction control effected by the drive 
wheel traction control device, the pressurizing fluid can be supplied to the drive wheel brake cylinder with the sole- 
noid-operated shut-off valve held in the open state, without an operation of the brake operating member, and the 
fluid pressure in the drive wheel brake cylinder can be controlled to optimize the slipping state of the drive wheel 
being driven. In this condition, the first pressurizing piston can be advanced, so that the fluid pressure in the first 
pressurizing chamber can be rapidly increased by an operation of the brake operating member. Thus, the vehicle 
can be braked with a high response to the operation of the brake operating member, even while the drive wheel 
traction control is effected. A vehicle turning stability control for braking the wheel brake cylinder so as to control the 
yaw moment of the vehicle can be similarly effected under the control of the vehicle turning stability control device. 

The assisting device descrtoed above with respect to the above mode (3) can be utilized as the second pres- 
surizing chamber pressurizing device, and a solenoid-operated shut-off valve which may be included in the emer- 
gency fluid communicating device descrfoed with respect to the above mode (9), (10), (12) or (14) may be utifized 
as the solenotdoperated shut-off valve in the braking system of the above mode (24). The solenoid-operated shut- 
off valve may be considered to be included in the second pressurizing chamber pressurizing device or in the drive 
wheel braking pressure control device. 

(25) A hydrautically operated braking system according to any one of the above modes (1)-(24), further comprising 
a brake operating force estimating device for estimating an operating force acting on the brake operating member, 
on the basis of the fluid pressure in the pressurizing chamber and the assisting drive force produced by the assist- 
ing device 

In the hydraulicaJfy operated braking system according to the above mode (25), the operating force acting on 
the brake operating member is estimated by the brake operating force estimating device, on the basis of the fluid 
pressure in the pressurizing chamber of the master cylinder and the assisting drive force produced by the assisting 
device. Therefore, the instant braking system eliminates a brake operating force detecting device for detecting the 
operating force of the brake operating member, so that the cost of manufacture of the present braking system can 
be reduced. To control the assisting device, it is required to use a master cylinder pressure detecting device for 
detecting the fluid pressure in the pressurizing chamber, and an assisting drive force detecting device for detecting 
the assisting drive force produced by the assisting device. Where the assisting drive force corresponds to the fluid 
pressure in the assisting pressure chamber described above with respect to the above mode (3) , the assisting drive 
force detecting device may be adapted to detect the fluid pressure in the assisting pressure chamber. These master 
cylinder pressure detecting device and the assisting drive force detecting device may be utilized to estimate the 
operating force of the brake operating member, so that the operating force detecting device may be eliminated. 
Even where the operating force detecting device is used, it is not required to be an expensive one that is capable 
of accurately detecting the brake operating force over a sufficiently wide range That is, the brake operating force 
estimating device may be used together with a relatively inexpensive brake operating force detecting device In this 
case, the output of the brake operating force detecting device is used where the output is sufficiently accurate, and 
the output of the brake operating force estimating device is used where the output of the brake operating force 
detecting device is not sufficiently accurate. In the case too. the braking system is available at a relatively low cost- 
As described in detail in the DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS, the brake 
operating force can be estimated as descrbed belcw. by way of example Where the master cylinder and the assist- 
ing cylinder are disposed in parallel with each other, as illustrated in Fig. 2, the operating force F can be estimated 
according to the following equation: 

F = F MxL M n- F -F s xL s /L F 

where 

F s : assisting drive force, 

F M : force (which may be considered a braking force) based on the fluid pressure in the pressurizing chamber 
of the master cylinder, 

Lg: distance between the fulcrum of the brake operating member and a point at which a force based on the fluid 
pressure in the assisting pressure chamber acts on the brake operating member. 
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Lm: cfistance between the fulcrum and a point at which the force based on the fluid pressure in the pressurizing 

chamber acts on the brake operating member, 
Lp: cfistance between the fulcrum and a point at which the brake operating force F acts on the brake pedal. 

The force F M is equal to a product of the fluid pressure P M in the pressurizing chamber of the master cylinder 
and a pressure-receiving surface area Sm of the pressurizing piston. That is, F M - P M • S M . The assisting drive 
force F s is a product of the fluid pressure Ps in the assisting pressure chamber and a pressure-receiving surface 
area Ss of the assisting piston. That is, F s = P s *Ss. 

Where the master cylinder and the assisting cylinder are disposed in series with each other, as illustrated in 
Rg. 16. the distances l_s and are equal to each other, and the brake operating force F can be estimated accord- 
ing to the following equation: 

F = (F M -F s )xL M ^ F 

The pressure-receiving surface area Ss of the assisting piston is equal to (Sm - Sq), which is smaller than the 
pressure-receiving surface area of the pressurizing piston. 

Where the brake operating force detecting device is adapted to detect as the bra)® operating force F, a reac- 
tion force P applied from the pressurizing piston to the brake operating member, the reaction force P and the brake 
operating force F have a relationship represented by the following equation: 

P = Fx Lp/L M 

Therefore, the reaction force P can be estimated according to the following equation: 

F- = F M -Fs 

The feature of the above mode (25) is available independently of the feature of any one of the above modes 
0M24). 

(26) A hydraulically operated braking system according to any one of the above modes (1)-(25), wherein the master 
cylinder includes a cylinder housing which cooperates with the pressurizing piston to define the pressuring cham- 
ber, the braking system further comprising a master cylinder characteristic control device for controlling an amount 
of the fluid in the pressurizing chamber of the master cylinder, to thereby control a relationship between a position 
of the pressurizing piston relative to the cyfinder housing and the fluid pressure in the pressurizing chamber. 

In the braking system according to the above mode (26), the amount of the fluid in the pressurizing chamber 
of the master cylinder can be changed by the master cylinder characteristic control device, so that the relative posi- 
tion of the pressurizing piston and the cyfinder housing can be changed, whereby the relationship between this rel- 
ative position and the fluid pressure in the pressurizing chamber can be changed by the master cylinder 
characteristic control device. That is, the fluid pressurizing characteristic of the master cyfinder can be controlled 
by the master cyfinder characteristic control device. When the brake operating member is operated, the pressuriz- 
ing piston is advanced so as to reduce the volume of the pressurizing chamber. When the fluid is supplied from the 
master cylinder characteristic control device to the pressurizing chamber, upon operation of the brake operating 
member, the operating stroke of the pressurizing piston is reduced by an amount corresponrfng to the amount of 
the fluid supplied to the pressurizing chamber. When the fluid is discharged from the pressurizing chamber into the 
master cyfinder characteristic control device, the operating stroke of the pressurizing piston is increased by an 
amount corresponcfing to the amount of the fluid discharged from the pressurizing chamber. Namely, the operating 
stroke of the pressurizing piston decreases with an increase in the amount of the fluid suppfied to the pressurizing 
chamber, and increases with a decrease in the amount of the fluid discharged from the pressurizing chamber. 
Thus, the operating stroke of the pressurizing piston can be controlled by controlling the amount of the fluid in the 
pressurizing chamber, so that the relationship between the operating stroke and the fluid pressure in the pressuring 
chamber (hereinafter referred to as "master cylinder pressure") can be controlled by the master cylinder character- 
istic control device. 

The master cyfinder characteristic control device may be adapted to control the amount of the fluid in the pres- 
surizing piston, depending upon the operating stroke of the pressurizing piston, or irrespective of the operating 
stroke. The amount of the fluid to be suppfied to or cfischarged from the pressurizing chamber may be controlled 
such that the master cyfinder pressure linearly increases with an increase in the operating stroke of the pressuriz- 
ing piston. Alternatively, a predetermined amount ofthefhiid may be rapidly supplied from the master cylinder char- 
acteristic control device to the pressurizing chamber during an initial idling stroke of the brake operating member 
following the initiation of an operation of the brake operating member detected by a suitable switch. In the former 
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case, the master cylinder pressure is controlled to correspond to the operating stroke of the brake operating mem- 
ber, that is. the amount of operation of the brake operating member by the operator. In the latter case, the prede- 
termined amount of the fluid to be suppled to the pressurizing chamber may be equal to the amount of the fluid 
required for the so-called last filling" of the master cylinder, or a portion of the last filling" amount In this case, the 
required operating stroke of the brake operating member can be reduced. Further, a predetermined constant 
amount of the fluid may be supplied to the pressurizing chamber for a unit amount of increase of the operating 
stroke of the pressurizing piston. The required operating stroke can be reduced with an increase in this constant 
amount of the fluid. When the fluid is discharged from the pressurizing chamber into the master cylinder character- 
istic control device, the required operating stroke increases with an increase in the amount of the fluid discharged 
from the pressurizing chamber. 

As descnbed above, the master cylinder characteristic control device permits the operating stroke of the pres- 
surizing piston to be controlled wfth respect to the master cylinder pressure. In this respect, the master cylinder 
characteristic control device may be considered to be a device for controlling the operating stroke of the pressuriz- 
ing piston. The control of the operating stroke will become more apparent by the following explanation. 

The master cylinder pressure increases with an operating force acting on the brake operating member as the 
pressurizing piston is advanced with an operation of the brake operating member by the operating force. If a certain 
amount of the fluid is suppfied from the master cylinder characteristic control device to the pressurizing chamber 
while the operating force is held constant the pressurizing piston is retracted by a distance corresponding to the 
amount of the fluid supplied to the pressurizing chamber, so that the required operating stroke of the pressurizing 
piston is reduced. Conversely, if a certain amount of the fluid is discharged from the pressurizing chamber into the 
master cylinder characteristic control device, the required operating stroke is increased. Thus, the master cylinder 
characteristic control device is capable of controlling the required operating stroke of the pressurizing piston. 

The feature of the above mode (26) is available independently of the feature of any one of the features of the 
above modes (1)-(25)- 

(27) A hydraufically operated braking system according to the above mode (26) . wherein the master cylinder char- 
acteristic control device comprises: a cylinder housing; a volume-changing piston received in the cylinder housing 
of the master cylinder characteristic control device such that the volume-changing piston is movable relative to the 
cylinder housing of the master cylinder characteristic control device, the volume-changing piston cooperating with 
the cylinder housing of the master cylinder characteristic control device to define a variable-volume chamber com- 
municating with the pressurizing chamber; and a fluid amount control device for controlling a relative position of the 
volume-changing piston and the cylinder housing of the master cylinder characteristic control device, to control a 
volume of the variabl e-votume chamber, for thereby controlling the amount of the fluid in the pressurizing chamber. 

In the braking system according to the above mode (27) wherein the pressurizing chamber and the variable- 
volume chamber communicate with each other, the amount of the fluid in the pressurizing chamber can be control- 
led by controlling the volume of the variable-volume chamber. The fluid is supplied into the pressurizing chamber 
when the volume of the variable-volume chamber is reduced, and the ftud is cfischarged from the pressurising 
chamber when the volume of the variable-volume charrfcer is to 

of the volume of the variable-volume chamber, the amount of the ftud to be supplied to the pressurizing chamber 
and the amount of the fluid to be cfischarged from the pressurizing chamber can be controlled. 

The volume of the variable-volume chamber is changed by moving the vorume-changing piston. The volume- 
changing piston may be moved by a fluid pressure or an electric actuator such as an electric motor and a piezoe- 
lectric device. 

Where the volume-changing piston is moved by a fluid pressure, the cylinder housing of the master cylinder 
characteristic control device cooperates with the volume-changing piston to define a volume control chamber on 
one side of the volume-changing piston which is remote from the variable-volume chamber. The volume-changing 
piston is moved to a position of equilibrium between the fluid pressure in the volume control chamber and the fluid 
pressure in the variable-volume chamber. In this case, the fluid amount control device includes a high-pressure 
source, a reservoir, a solenoid-operated pressure control valve device connected to the hig^-pressure source, res- 
ervoir and volume control chamber, and a control valve control device for controlling the solenoid-operated pres- 
sure control valve device to control the fluid pressure in the volume control chamber. The cylinder housing and the 
volume control piston which define the variable-volume chamber and the volume control chamber are considered 
to constitute a master cylinder characteristic control cylinder for controlling the pressurizing characteristic of the 
master cylinder. This master cylinder characteristic control cyfinder may be considered to be a stroke adjusting cyl- 
inder for adjusting the operating stroke of the pressurizing piston and the operating stroke of the brake operating 
member. The stroke adjusting cylinder may be used to reduce the required operating stroke of the pressurizing pis- 
ton. 

Where the volume control piston is moved by a drive force produced by an electric actuator. The position of the 
volume control piston and the velocity of movement of this piston can be controlled by controlling the electric actu- 
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ator. The fluid amount control device may include such an electric actuator, a motion converting or transmitting 

mechartism fcx trarsrrftting a r^ 

actuator control device for controlling the electric actuator. 

(28) A hydrauftcally operated braking system according to the above mode (27), wherein the fluid amount control 
device includes a master cyfinder pressurizing control means for controlling the amount of the fluid in the pressu- 
rizing chamber, on the basis of an operating stroke of the pressurizing piston and according to a predetermined 
rule. 

In the braking system according to the above mode (28), the fluid in the pressurizing chamber is controlled to 
control the fluid pressurizing characteristic of the master cylinder, on the basis of the operating stroke of the pres- 
surizing piston and according to the predetermined rula The relationship between the operating stroke of the pres- 
surizing piston and the amount of the fluid in the pressurising chamber can be changed by changing the rule. For 
instance, the predetermined rule may be a predetermined relationship between the operating stroke S of the pres- 
surizing piston and the fluid pressure P M (master cylinder pressure) in the pressurizing chamber of the master cyl- 
inder. An example of this relationship is indicated by solid line in Fig. 4, which relationship is represented by an 
equation P M = k • S 2 . The relationship may be represented by an equation P M = k(S - a) + b. 

If the assisting drive force is controlled by the assisting device force control device as described above with 
respect to the above mode (2) of this invention, a relationship between one power of the brake operating force and 
the master cyfinder pressure P M may be controlled as indicated in the graph of Fig. 5, and a relationship between 
the operating stiffness of the brake operating member and the master cyfinder pressure P M may be controlled as 
indicated in the graph of Fig. 6. Each of these relationships may be considered to be an example of the fluid pres- 
surizing characteristic of the master cyfinder, and may also be considered to be a characteristic of the braking effect 
to be provided by the present braking system. The power is a ratio of an amount of change of the master cyfinder 
pressure P M to an amount of change of a product of the operating stroke Sand force F of the brake operating mem- 
ber. That is, the power is represented by [dP ^(S • dF = F • dS)] . On the other hand, the operating stiffness is a 
ratio of an amount of change of the operating force F to an amount of change of the operating stroke S. that is, 
dF/dS. 

(29) A hydraulically operated braking system according to any one of the above modes (26)-(28), wherein the mas- 
ter cylinder characteristic control device has a variable-volume chamber connected to a braking fluid chamber in 
the brake cylinder and the pressurizing chamber of the master cylinder, and includes a fluid amount control device 
for controlling a volume of the variable-volume chamber to control the amount of the fluid in the pressurizing cham- 
ber, the braking system further comprising an emergency master cylinder disconnecting device disposed between 
the variable-volume chamber and the pressurizing chamber, the emergency master cylinder disconnecting device 
being normally placed in an open state for fluid communication between the variable-volume chamber and the 
pressurizing chamber, and brought to a dosed state for disconnecting the variable-volume chamber and the pres- 
surising chamber from each other in the event of an abnormality of the assisting device. 

. The volume of the variable-volume chamber can be controlled by the fluid amount control device. However, if 
the volume of the variable-votuire 

pressurizing chamber, the fluid pressure in the variable-volume chamber is increased, Accordingly, the fluid pres- 
sure in the braking fluid chamber in the brake cylinder can be made higher than that in the pressurizing chamber, 
by disconnecting the variable-volume chamber from the pressurizing chamber, even in the event of abnormality of 
the assisting device, that is, even if the fluid pressure in the pressurizing chamber cannot be sufficiently increased 
with the assisting drive force being Zero or extremely small. 

The assisting device may include the assisting cyfinder, high-pressure source, reservoir, solenoid-operated 
pressure control valve device and control valve control device, as descrfoed above with respect to the above mode 
(3), and the master cylinder characteristic control device may include a master cyfinder characteristic control cylin- 
der, and another set of a high-pressure source, a reservoir, a solenoid-operated pressure control valve device and 
a control valve control device, so that the volume of the variable-volume chamber is controlled by the fluid pressure 
in the master cylinder characteristic control cylinder. In this case, a single high-pressure source may be commonly 
used by the assisting device and the master cyfinder characteristic control device. If the pressure of the pressurized 
fluid of the single high-pressure source is lowered below a predetermined lower limit due to an abnormality of the 
high-pressure source, it is difficult to suffirier%pressu^ 

emergency master cyfinder disconnecting device is switched to the closed state. In this case, it is difficult to 
increase the fluid pressure in the brake cyfirider to be higher than that in me mast^ However, the 

pressurized f Lid can be supplied from the high-pressure source to the variable-volume chamber of the master cyl- 
inder characteristic control device, while the high-pressure source is normal, even in the event of an abnormality of 
the solenoid-operated pressure control valve device or control valve control device of the assisting device, a fluid 
leakage from the fluid passages connected to the high-pressure source, reservoir, sol enoid-operated pressure con- 
trol valve device and assisting pressure chamber, or afaOure of the assisting cyfinder. Since the variable-volume 



16 



EP 0 960 593 A2 



chamber can be pressurized by the high-pressure source, the fluid pressure in the brake cylinder can be made 
higher than that in the pressurizing chamber of the master cylinder. 

Where two high-pressure sources are provided for the assisting device and the master cylinder characteristic 
control device, respectively, or where the assisting device includes the high-pressure source described abcve while 
the master cylinder characteristic control device includes an electric actuator such as an electric motor to control 
the volume of the variable-volume chamber, it is also effective to switch the emergency master cylinder disconnect- 
ing device to the closed state in the event of an abnormality of the high-pressure source of the assisting device. 

It is also effective to switch the emergency master cylinder disconnecting device to the closed state in the event 
of an abnormality of the assisting device, where the assisting device is adapted to control the assisting drive force 
by controlling an electric motor, as described above with respect to the above made (4) while the master cylinder 
characteristic control device includes the high-pressure source, or where the assisting device and the master cyl- 
inder characteristic control device have respective electric actuators. 

(30) A hydraulically operated braking system comprising: (a) a brake operating member operable by an operator; 
(b) a master cylinder including a cylinder housing and a pressurizing piston operatively connected to the brake 
operating member and cooperating wfth the cylinder housing to define a pressurizing chamber, the pressurizing 
piston being moved by the brake operating member to pressurize a fluid in the pressurizing chamber; (c) a brake 
cylinder actuated by the pressurized fluid received from the master cylinder; and (d) a master cylinder characteristic 
control device for controlBng an amount of the fluid in the pressurizing chamber of the master cylinder, to thereby 
control a relationship between a position of the pressurizing piston relative to the cylinder housing and the fluid 
pressure in the pressurizing chamber, for controlling a fluid pressurizing characteristic of the master cylinder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The abcve and optional objects, features, advantages and technical and industrial significance of this invention 
will be further clarified by reading the following detailed description of presently preferred embodiments or forms of the 
invention, by reference to the accompanying drawings, in which: 

Fig. 1 is a circuit diagram showing a hydraulically operated braking system constructed according to a first embod- 
iment of this invention; 

Fig. 2 is a view schematically showing a brake pedal connected to a master cylinder and an assisting cylinder 78 
of an assisting device in the braking system of Fig. 1; 

Fig. 3 is a graph indicating a relationship between brake pedal operating force and master cylinder fluid pressure 
controlled in the braking system of Fig. 1; 

Fig. 4 is a graph indicating a relationship between the brake pedal operating stroke and the master cylinder fluid 
pressure controlled in the braking system of Fig. 1 ; 

Fig. 5 is a graph indicating a relationshp between the master cylinder fluid pressure and the power of brake pedal 
operating force when the fluid pressures in assisting pressure chamber of the assisting cylinder and volume control 
chamber of stroke adjusting cyfinder are controlled in the braking system of Fig. 1; 

Fig. 6 is a graph irxficating a relationship between the master cyfinder fluid pressure and the brake pedal operating 
s tiffne ss when thefiuid pressures in the assisting pressure chamber and the volume control chamber are controlled 
in the braking system of Ftg. 1; 

Fig. 7 is a graph incEcating an operating characteristic of a pressure switch provided in the assisting device of the 
braking system of Ftg. 1; 

Fig. 8 is a flow chart illustrating a motor control routine executed according to a proc/am stored in a ROM of a pres- 
sure control device of the braking system of Fig. 1 , for controlling a pump drive electric motor used in the assisting 
device; 

Fig. 9 is a graph indicating a relationshp between the vehicle running speed and the master cyfinder pressure con- 
trolled in the braking system of Fig. 1; 

Fig. 1 0 is a graph indicating a relationship between the brake pedal operating speed and the master cylinder pres- 
sure controlled in the braking system of Ftg. 1; 

Fig. 11 is an cross sectional view of a pressure increase control valve included in the assisting device; 

Fig. 12 is a circuit diagram showing a hydraulically operated braking system according to a second embodiment of 

this invention; 

Fig. 13 is a cross sectional view of a stroke adjusting cylinder used in a hydraulically operated braking system 
according to a third embodiment of this invention; 

Fig. 14 is a circuit diagram showing a hydrauBcaDy operated braking system according to a fourth embodiment of 
the invention; 

Fig. 15 is a dix^rt diagram showing a hydraulically operated braking system according to a fifth emtxxfiment of the 
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invention; 

Fig. 16 is a view schematically showing a brake pedal connected to a master cylinder in the braking system of Fig. 
15; 

Fig. 1 7 is a circuit cfiagram showing a hydraulically operated braking system according to a sixth embodiment of the 
5 present invention; 

Fig. 18 is a circuit cfiagram showing a part of a hydraultcaDy operated braking system according to a seventh 
embodiment of this invention; 

Fig. 19 is a graph indicating a relationship between the master cylinder pressure and the brake pedal operating 
stroke in the braking system of Fig. 18; 
w Fig. 20 is a view showing a part of a hydraulically operated braking system according to an eighth embodiment of 
the invention; 

Fig. 21 is a circuit diagram showing a hydraulically operated braking system according to a ninth embodiment of 
the invention; 

Fig. 22 is a circuit diagram showing a part of a hydraulically operated braking system according to a tenth embod- 
15 iment of the invention; 

Fig. 23 is a view showing an example of control in various conditions in the braking system of Fig. 22; 

Fig. 24 is a circuit diagram showing a part of a hydraulically operated braking system according to an eleventh 

embodiment of this invention; 

Fig. 25 is a view schematically showing a regulator provided in the braking system of Fig. 24; and 
20 Fig. 26 is a view showing an example of control in various conditions in the braking system of Fig. 24. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0007] Referring first to Fig. 1, the hydraulically braking system shown therein includes a normal braking system and 
25 a servo system which are independent of each other. The normal braking system includes a brake operating member 
in the form of a brake pedal 10, a master cylinder 12, and wheel brake cylinders 22, 24, 26, 28 for respective wheels 
1 4, 1 6, 1 8, 20 of an automotive vehicle. The master cylinder 1 2 is a tandem type cylinder having two pressurizing cham- 
bers 30 and 32. A pressure of a working fluid in these pressurizing chambers 30, 32 are pressurized by an advancing 
movement of a pressurizing piston 34 operativefy connected to the brake pedal 10. The fluid pressure in the pressuriz- 
30 ing chambers 30, 32 changes with an operating force acting on the brake pedal 10. Two fluid passages 36, 38 are con- 
nected to the respective pressurizing chambers 30, 32. 

[0008] Each of the fluid passages 36, 38 is split into two branches. The wheel brake cylinders 22, 24 are connected 
to the ends of the two branches of the fluid passage 36, while the wheel brake cylinders 26, 28 are connected to the 
ends of the two branches of the fluid passage 3a In each of the four branches of the fluid passages 36, 38, there is 

35 provided a pressure holding valve in the form of a solenoid-operated shut-off valve 44. The branches of each fluid pas- 
sage 36, 38 are connected to a reservoir 46 through fluid passages 47. Four pressure reducing valves in the form of 
solenoid-operated shut-off valves 48 are provided in the fluid passages 47 so thai the fluid can be (fischarged from the 
wheel brake cylinders 22, 24, 26, 28 into the reservoirs 46 through the respective pressure reducing shut-off valves 48 
and the respective fluid passages 47. A check valve 49 is provided in a by-pass passage which by-passes each of the 

40 foul pressure hotting shut-off valves 44. Each of the check valves 49 allows a fluid flew in a direction from the corre- 
sponding wheel brake cylinder 22, 24, 26, 28 towards the master cylinder 12, and inhfoits a fluid flow in the opposite 
direction. The check valves 49 permit the fluid to be rapidly returned from the wheel brake cyfinders 22, 24, 26, 28 to 
the master cylinder 12 when the brake pedal 10 is released from an operated position towards the non-operated posi- 
tion while the pressure holding shut-off valves 44 are placed in their closed positions. 

45 [0009] The two reservoirs 46 are connected to the respective fluid passages 36, 38 also through respective fluid pas- 
sages 50. In each of the fluid passages 50. there are provided two check valves 52, 54, a pump 56 and a damper 58. 
The pump 56 is disposed between the two check valves 52. 54. The damper 58 functions to reduce pressure pulsation 
of the fluid delivered from the pump 56. The two pumps 56 are driven by a common electric motor 60. 
[001 0] In a portion of the fluid passage 36 between the pressurizing chamber 30 and the point of branching, there is 

50 provided a solenoid-operated shut-off valve 62. A stroke adjusting cylinder 64 is connected to a portion of the fluid pas- 
sage 36 between the shut-off valve 62 and the point of branching. These shut-off valve 62 and the stroke adjusting cyl- 
inder 64 will be desenbed. 

[0011] The servo system of the present hydrauficaOy operated braking system includes a pump 70, an accumulator 
72, a pressure increase control valve 74, a pressure reduction control valve 76, a master reservoir 76 and an assisting 
55 cylinder 78. The pressure increase control valve 74 and the pressure reduction control valve 75 are controlled by a pres- 
sure control d evice 80 which is constituted principally by a computer. It will be understood from the following description 
that the above-incficated elements 70-78 and a portion of the pressure control device 80 assigned to control the control 
valves 74, 75 cooperate to constitute an assisting device 81 for boosting a drive force to be applied to the pressurizing 
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piston 32 of the master cyfinder 10. It will ateo be understood that the pressure increase control valve 74 and the pres- 
sure reduction control valve 75 constitute a major pcftkxi of a sdenoid-operated pressure control valve device 82 of the 
assisting device 81 . 

[0012] The working fluid in the master reservoir 76 is pumped up and pressurized by the pump 70, and the pressu- 
s rized fluid is stored in the accumulator 72. A pressure switch 83 is provided to riionitofwrielher the pressure of the fluid 
stored in the accumulator 72 falls within a predetermined range. An electric motor 84 for chiving the pump 70 is control- 
led according to an output signal of the pressure switch 83, so that the fluid pressure in the accumulator 72 is held sub- 
stantially within the predetermined range. 

[0013] The pressure switch 83 has a plurality of switching portions, so that the pressure switch 83 is turned OFF when 
w the fkiid pressure in the accumulator 72 (hereinafter referred to as "accumulator pressure") is lowered below a prede- 
termined lower Bmrt, and is turned ON when the accumulator pressure rises above a predetermined upper limit as indi- 
cated in the graph of Fig. 7. The electric motor 84 is turned ON when the pressure switch 83 is turned OFF, and is 
turned OFF when the pressure switch 83 is turned ON. The electric motor 84 is kept operated while the pressure switch 
83 is OFF, so that the accumulator pressure is held within the predetermined range defined by the lower and upper lirrv 
is its indicated above. 

. . [0014] The electric motor 84 is controlled by the pressure control device 80 depending upon the output sipjial of the 
pressure switch 83, according to a motor control routine illustrated in the flow chart of Fig. 8. This routine is initiated with 
step S1 to determine whether the electric motor 84 is in operation. If a negative decision (NO) is obtained in step S1. 
the control flow goes to step S2 to determine whether the pressure switch 83 is in the ON state. If the pressure switch 

20 83 is in the ON state, the electric motor 84 is held OFF. If the pressure switch 83 is in the OFF state, that is, if the accu- 
mulator pressure is lower than the lower limit, a negative decision (NO) is obtained in step S2. and the control flow goes 
to step S3 to turn ON the electric motor 84. If an affirmative decision (YES) is obtained in step S1, that is, if the electric 
motor 84 is in operation or in the ON state, step S4 is implemented to determine whether the pressure switch 83 is in 
the ON state. If the pressure switch 83 is in the ON state, that is, if the accumulator pressure is higher than the upper 

25 limit a negative decision (NO) is obtained in step S4, and the control flow goes to step S4 to turn OFF the electric motor 
60. If an affirmative decision (YES) is obtained in step S4, the electric motor 84 is held in operation. 
[001 5\ A pressure relief valve 86 is provided between the delivery side of the pump 70 and the reservoir 76, to prevent 
an excessive rise of the delivery pressure of the pump 70. 

[0016] The assisting cylinder 78 includes a cylinder housing 90, an assisting piston 92 ftuid-tightly and slidably 
30 received in the cylinder housing 90, and a return spring 94 disposed between the assisting piston 92 and one of the 
opposi te axial ends of the cylinder housing 90. 

[001 7] As shown in Fig. 2, the assisting piston 92 is operatively connected to the brake pedal 1 0 by a piston rod 95. 
The brake pedal 10 has a fulcrum 96 at an intermediate portion thereof between the lower end having a pedal pad 97 
and the upper end. The piston rod 95 engages a portion of the brake pedal 1 0 between the fulcrum 96 and the upper 

35 end, more precisely, near the upper end. On the other hand, the pressurizing piston 34 of the m ast er cyfinder 1 2 is oper- 
atively connected by a piston rod 98 to a portion of the brake pedal 1 0 between the brake pad 97 and the fulcrum 96. 
As indicated in Fig. 2, the points of engagement of the rods 95. 98 with the brake pedal 10 and the fulcrum 96 One on 
a straight fore, aixJ the fulcrum 96 is spaced fr parallel 
to the straight line. The point of engagement of the rod 98 with the brake pedal 10 is spaced from the fulcrum 96 by a 

40 distance L^, while the point of engagement of the rod 95 with the brake pedal 10 is spaced from the fulcrum 96 by a 
distance Us. 

[0018] The rods 98 of the pressurizing piston 34 of the master cylinder 1 2 and the rod 95 of the assisting piston 92 of 
the assisting cylinder 78 engage the brake pedal 10 such that the rods 98, 95 are pivotabJe relative to the brake pedal 
10 and such that the engaging ends of the rods 98, 95 are movable relative to the brake pedal 10 in the longitudinal 
45 ejection of the brake pedal 10 (in the direction parallel to the straight line incficated above). To this end, the brake pedal 
1 0 has elongate two elongate holes 99a while the rods 98, 95 have respective pins 99b engaging the respective elon- 
gate holes 99a. In this arrangement the engaging ends of the rods 98, 95 are movable in the longitudinal direction of 
the brake pedal 10 while maintaining the predetermined constant distances L^, Us between the fulcrum 96 and the 
engaging ends. 

so [0019] Referring back to Fig. 1 , the cyfinder housing 90 and the assisting piston 92 cooperate to define a spring cham- 
ber and an assisting pressure chamber 1 00 on the opposite sides of the assisting piston 92. The return spring 94 is dis- 
posed in the spring chamber, which cornnwbeates with the atrnosphera The assisting pressure chamber 100 
communicates with the accumulator 72 and the master reservoir 76 through the pressure increase control valve 74 and 
the pressure reduction control valve 75, respectively. The fluid pressure in the assisting pressure chamber 100 is con- 

55 tollable by controlling the control valves 74, 75. 

[00201 The pressure increase and pressure reobction control valves 74 and 75 are identical in construction with each 
other. The following description of the pressure increase control valve 74 substantial ly applies to the pressure reduction 
control valve 75. Tile pressure reduction control valve 74 is cfisposed between the delivery side of the pump 70 and the 
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assisting pressure chamber 100. As shewn in Fig. 11, the pressure reduction control valve 74 includes an electromag- 
netic force generating device 103, and a spring 104. The electromagnetic force generating device 103 includes a seat- 
ing valve 101 and a coil 102. The seating valve 101 has a valve member 105 and a valve seat 106. A force 
corresponding to a fluid pressure difference across the seating valve 101 acts on the valve member 105 in a direction 

5 that causes the valve member 105 to be spaced away from the valve seat 106. On the other hand, a biasing force of 
the spring 104 acts on the valve member 105 in a direction that causes the valve member 105 to be seated on the valve 
seat 106. Further, an electromagnetic force generated by application of an electric current to the coil 102 of the electro- 
magnetic force generating device 103 acts on the vaive member 105 so as to move it away from the valve seat 106. The 
electromagnetic force can be controlled by controlling the electric current applied to the coil 102. 

io [0021 ] As descrbed above, the force based on the fluid pressure difference, the electromagnetic force and the biasing 
force of the spring 104 act on the valve member 105 of the pressure increase control valve 74. The force based on the 
fluid pressure difference and the electromagnetic force act on the valve member 105 in the same direction, so as to 
move the valve member 104 away from the valve seat 106, while the basing force of the spring 1 04 acts on the valve 
member 1 05 in the opposite direction, so as to move the valve member 1 05 to be seated on the valve seat 1 06. There- 

15 fore, the pressure increase control valve 74 is held open with the valve member 105 spaced apart from the valve seat 
106 while a sum of the force based on the fluid pressure difference and the electromagnetic force is larger than the bias- 
ing force of the spring 104. With the control valve 74 placed in the open state, the pressurized fluid delivered from the 
pump 70 is permitted to flow into the assisting pressure chamber 100 of the assisting cylinder 78, causing a rise of the 
fluid pressure in the chamber 1 00. The fluid pressure difference required to hold the pressure increase control valve 74 

20 in the open statedecreases with an increase in the electromagnetic force, that is, with an increase in the electric current 
applied to the coil 1 02. 

[0022] Similarly, the pressure reduction control valve 75 is held open while the above-indicated sum is larger than the 
biasing force of the return spring 1 04. In this open state of the pressure reduction control valve 75, the pressurized fluid 
is permitted to be discharged from the assisting pressure chamber 100 into the master reservoir 76, causing a reduction 
25 of the fluid pressure in the chamber 100. The fluid pressure in the chamber 100 is reduced as the amount of electric 
current applied to the coil 102 of the control valve 75 is increased. 

[0023] The return spring 94 of the assisting cylinder 78 is provided in order to return the assisting piston 92 to its orig- 
inal position when the brake pedal 10 is released. Since the piston 92 is operativery connected to the brake pedal 10 
through the rod 95, the brake pedal 10 is also returned to its original or non-operated position (fully released position) 
30 when the piston 92 is returned by the return spring 94. In this respect, the return spring 94 also functions to return the 
brake pedal 10. The non-operated position of the brake peo^ 10 is defined by a surtax 

[0024] In the present first embodiment of this invention, a normally-open solenoid-operated shut-off valve 108 is pro- 
vided between the assisting pressure chamber 100 and the pressurizing chamber 32 of the master cylinder 12. While 
the assisting device 81 iS normally operable, this shut-off valve 108 is closed with an electric current applied to its sole- 

35 nod coil when the brake pedal 10 is operated. While the assisting device 81 has any abnormality or defect, the shut-off 
valve 108 is field closed even if the brake pedal 1 0 is operated. The abnormality indicated above, which will be referred 
to as "first kind of abnormafity". is an electrical defect associated with the assisting device 81 , such as a failure of normal 
operation of the electric motor 84, and a failure of application of an electric current to the solenoid coil of the pressure 
increase control valve 74 or pressure reduction control valve 75. In the event of occurrence of the f irst kind of abnormal- 

40 rty, no electric current is applied to the solenoid coil of the shut-off valve 108. whereby the shut-off vaJve 108 is opened. 
Even in the presence of the first kind of abnormality, the assisting cylinder 78 is normally operabla 
[0025] A portion of the assisting device 81 assigned to control the fluid pressure in the assistirig pressure chamber 
100 functions as an assisting drive force control device 109 for controlling an assisting drive force which is generated 
by the assisting cylinder 78 and which is applied to the pressurizing piston 34. The first kind of abnormality indicated 

45 above may be considered to be an abnormality of the assisting drive force control device 109. This assisting drive force 
control device 109 may be considered to be an electrically operated hydraulic pressure source. The first kind of abnor- 
mality may be determined to be present if the fluid pressure in the assisting pressure chamber 100 is lowered below a 
predetermined threshold, or if the pressure switch 83 is held in the OFF state for more than a predetermined time. In 
this case, the first kind of abnormafity includes a failure to control the fluid pressure in the assisting pressure chamber 

so 100 due to a leakage of the fluid from the hydraulic system. 

[0026] The stroke adjusting cylinder 64 incficated above includes a cylinder housing 110, and a volume-changing pis- 
ton or stroke adjusting piston 1 14 slidabty received in the cylinder housing 110. The cylinder housing 1 10 and the stroke 
adjusting piston 114 cooperate to define two fluid chambers 116, 118. TTre fluid chamber 116 is connected to the fluid 
passage 36 indicated above, whfle the other fluid chamber 1 18 is connected to the accumulator 72 through a pressure 

55 increase control valve 122 and to the master reservoir 76 through a pressure reduction control valve 124. The fluid 
chamber 1 16 wiD be referred to as "a variable-volume chamber", while the fluid chamber 1 18 will be referred to as "a 
volume control chamber". A return spring 126 is disposed in the variable-volume chamber 116, so that the stroke 
adjusting piston 114 is biased by the return spring 126 in a left direction as seen in Fig. 1, namely, in the direction that 
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causes an increase in the volume of the variable-volume chamber 116. 

[0027] The pressure increase control valve 122 and the pressure reduction control valve 124 are identical in construc- 
tion with the pressure increase and pressure reduction control valves 74, 75 descrfced above. By controlling the electric 
currents applied to the solenoid coils of these control valves 1 22, 1 24, the fluid pressure in the volume control chamber 

s 1 18 of the stroke adjusting cylinder 64 can be controlled. 

[0028] When the stroke adjusting piston 114 is moved in the rigjrt direction as seen in Fig. 1 with an increase in the 
fluid pressure in the volume control chamber 118, the volume of the variable-volume chamber 116 decreases, causing 
an increase in the fluid pressure in the variable-volume chamber 1 16, so that the pressurized fluid is fed from the vari- 
able-volume chamber 1 16 into the pressurizing chamber 30 of the master cylinder 12. When the stroke adjusting piston 

10 1 14 is moved in the left direction with a decrease in the fluid pressure in the volume control chamber 1 18, the fluid in 
the pressurizing chamber 30 is cfischarged into the variable-volume chamber 116. Thus, the operating stroke of the 
brake pedal 1 0 can be adjusted by controlling the fluid pressure in the volume control chamber 1 1 8, that is, by control- 
ling the fluid pressure in the volume control chamber 1 1 8 to control the volume of the fluid in the variable-volume cham- 
ber 114 when the brake pedal 10 is depressed, that is, when the pressurising piston 34 is moved in left direction. 

is Descrbed more specfffcaUy, the operating stroke of the brake pedal 10 is reduced with an increase in the amount of the 
fluid which is suppfied from the variable-volume chamber 1 1 6 to the pressurizing chamber 30 so as to move the pres- 
surising piston 34 in the right direction. Conversely, the operating stroke of the brake pedal 10 is increased with a 
decrease in the amount of the fluid supplied to the pressurizing chamber 30. 

[0029] As described above, the operating stroke of the brake pedal 1 0 can be controlled by controlling the fluid pres- 
20 sure in the volume control chamber 1 1 8 to control the volume of the variable-volume chamber 116 and the amount of 
the fluid in the pressurizing chamber 30 when the brake pedal 10 is depressed. The original or neutral position of the 
stroke adjusting piston 114 when the brake peo^ 10 is m the no^ 

equilibrium between a force acting on the piston 114 based on the fluid pressure in the volume control chamber 118 
and a biasing force of the return spring 1 26 acting on the piston 114. It win be understood that a stroke adjusting device 
25 128 is constituted by the stroke adjusting cylinder 64, pressure increase control valve 122, pressure reduction control 
valve 1 24, accumulator 72, pump 70, electric motor 84, master reservoir 76. and a portion of the pressure control device 

80 assigned to control the control valves 122, 124. 

[0030] The sdenoicroperated shut-off valve 62 is a normally-open valve, which is held open while the assisting device 

81 is normally operable. When the assisting device 81 has any abnormality, that is, when either of the pressure increase 
30 and pressure reduction control valves 74, 75 has any abnormality, with the accumulator 72 and pump 70 being normally 

operable, the shut-off valve 62 is closed. In this event, the fluid pressure in the assisting pressure chamber 100 of the 
assisting cylinder 78 cannot be controlled, but the fluid pressure in the volume control chamber 1 1 8 of the stroke adjust- 
ing cyfinder 64 can be controlled by controlling the pressure increase and pressure reduction control valves 122, 124, 
since the accumulator 72 and the pump 70 are normally operable Accortfingjy, the fluid pressure in the variable-volume 

35 chamber 1 16 can be made higher than that in the pressurizing chamber 30. by reducing the volume of the variable-vol- 
ume chamber 1 1 6 by increasing the fluid pressure in the volume control chamber 118. The abnormality of the control 
valves 74, 75 indicated above wfll be referred to as "a second kind of abnormality" of the assisting device 81 . This sec- 
ond kind of abnormality can be detected by detecting that the fluid pressure in the assisting pressure chamber 100 is 
lower than a predetermined lower limit even while the pressure switch 83 is in the ON state. Even in the presence of the 

40 second kind of abnormafity, the fluid pressures in the wheel brake cylinders 22, 24 can be made higher than the fluid 
pressure in the pressurizing chamber 30, owing to the fluid pressure in the variable-volume chamber 1 16 of the stroke 
adjusting cylinder 64 which is disconnected from the pressurizing chamber 30 by the shut-off valve 62. In this case, the 
fluid pressure in the pressurizing chamber 32 is applied to the wheel brake cylinders 26. 28. 
[0031] The pressure control device 80 is prinqpaily constituted by a computer incorporating a central processing unit 

45 (CPU) 1 30, a random-access memory (RAM) 131 , a readonly memory (ROM) 132, an input portion 1 33 and an output 
portion 1 34. The input portion 1 33 receives output signals of wheel speed sensors 140, 142 144, 146 for the wheels 1 3, 
16, 18, 20. a force sensor 148 for detecting the operating force F acting on the brake pedal 10, a stroke sensor 150 for 
detecting the operating stroke S of the brake pedal 10, an assisting pressure sensor 152 for detecting the fluid pressure 
in the assisting pressure chamber 100, a stroke control pressure sensor 154 for detecting the fluid pressure in the var- 

50 iable-voJume chamber 118, and a master cyfinder pressure sensor 1 56 for detecting the fluid pressure in the pressuriz- 
ing chamber 30 of the master cylinder 12. 

[0032] To the output portion 1 34, there are connected driver circuits for energizing the solenoid cofls of the pressure 
increase control valves 74, 122. pressure reduction control valves 75, 124. pressure holding and increasing shut-off 
valves 44, 48, and shut-off valves 62, 108, and driver circuits for energizing the electric motors 60, 84. The ROM 132 
55 stores various control programs including the control program for the motor control routine illustrated in the flow chart 
of Fig. 8 descrbed above, an anti-lock braking pressure control prog/am, an assisting drive force control program for 
controlling the fluid pressure in the assisting pressure chamber 100, a stroke adjusting control program for controlling 
the fluid pressure in the volume control chamber 118, and control programs for controlling the various solenoid-oper- 
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ated shut-off valves such as the shut-off valves 62, 74, 75, 108, 122, 124. The ROM 132 further stores control data 
maps represented by the graphs of Figs. 3 and 4, which are used to control the fluid pressure in the assisting pressure 
chamber 100. 

[0033] The force sensor 1 48 detects the operating or depression force F acting on the pedal pad 97 of the brake pedal 
5 10. For instance, the force sensor 148 uses an elastic member attached to the pedal pad 97, so that the operating force 
F is detected based on an amount of elastic deformation or strain of the elastic member. 

[0034] The master cyfinder pressure sensor 156, which detects the fluid pressure in the pressurizing chamber 30, is 
disposed in a portion of the fluid passage 36 which is located downstream of the solenoid-operated shut-off valve 62. 
Accordingly, the pressure sensor 156 cannot detect the fluid pressure in the chamber 30 when the shut-off valve 62 is 
10 in the dosed position. In this case, the output of the pressure sensor 156 represents the fluid pressure applied to the 
wheel brake cylinders 22, 24. 

[0035] An assisting pressure force acting on the assisting piston 92 can be obtained on the basis of the fluid pressure 
in the assisting pressure chamber 100. Based on this assisting pressure force, an assisting drive force is applied to the 
pressurizing piston 34 through the brake pedal 10. On the other hand, the operating stroke S of the brake pedal 10 is 

75 determined by the amounts of the fluid in the pressurising chamber 30 and the variable-volume chamber 116, which 
amounts are determined by the fluid pressure In the volume control chamber 118 and the pressurizing chamber 30. In 
the present embodiment, the fluid pressure in the assisting pressure chamber 1 00 is controlled so that the master cyl- 
inder pressure P M (fluid pressure in the pressurizing chamber 30) changes with the operating force F of the brake pedal 
10, according to a predetermined relationship between the master cylinder pressure P M and the operating force F, as 

so indicated in the graph of Fig. 3. On the other hand, the fluid pressure in the volume control chamber 118 is controlled 
so mat the master cylinder pressure P M changes with the operating stroke S of the brake pedal 1 0, according to a pre- 
determined relationship between the master cylinder pressure Pm and the operating stroke S, as indicated in the graph 
of Fig. 4. 

[0036] On the basis of the rotating speeds of the wheels 14-20 detected by the wheel speed sensors 140-146, an 
25 estimated running speed of the automotive vehicle is obtained, and the slipping speed or locking conc&tion of each 
wheel is estimated on the basis of the detected wheel speeds and the estimated vehicle running speed. The pressure 
holding and pressure reducing shut-off valves 44, 48 are controlled to control the fluid pressures in the wheel brake cyl- 
inders 22-28 in an anti-lock fashion, according to the estimated locking conditions of the wheels 14-20. 
[0037] An operation of the present hydraulicaOy operated braking system constructed as described above will be 
30 described. 

[0038] When the brake pedal 10 is depressed with the operating force F, the solenoid-operated shut-off valve 108 is 
brought to the closed position whOetrm solenoid-operated shut-off valve 62 is heJd in its open position, where the assist- 
ing device 81 is normal. The fluid pressure in the assisting pressure chamber 1 00 is controlled to control the assisting 
drive force. The fluid pressure in the volume control chamber 118 has been controlled to adjust the operating stroke S 
35 of the brake pedal. 

[0039] InitiaDy, an operation to control the fluid pressure P s in the assisting pressure chamber 100 to control the fluid 
pressure P M in the pressurizing chambers 20, 32 will be descrbed, by reference to Fig. 2. In the present embodiments, 
the pressurizing piston 34 has a pressure-receiving surface area Sm which is larger than a pressure-receiving surface 
area Ss of the assisting piston 92. That is. Sm > Further, a product of the pressure-receiving surface area S M and 
40 the o5stance (between the fulcrum 96 and the engaging end of the rod 98) is larger than a product of the pressure- 
receiving surface area Ss and the distance l_s (between the fulcrum 96 and the engaging end of the rod 95). That is, 
S m xL m>S s xL s . 

[0040] An equHxium of moments about the fulcrum 96 of the brake pedal 10 is expressed by the following equation: 

45 F s xL s + FxL F = F M xL M 

[0041 ] The force F s is the assisting pressure force acting on the assisting piston 92 based on the fluid pressure P s in 
the assisting pressure chamber 100. This assisting pressure force F s is applied to the brake pedal 1 0. The force F M , 
which is a wheel braking force, is a reaction force which is appfied to the brake pedal 10 based on the P M 
so in the pressurizing chambers 30, 32. The wheel braking force F M is expressed by the following equation: 

F M = F s xL s /L M + FxLp/L M 

[0042] The first term (F s x I-s/^m) m "9^ member of the above equation is a force to be appfied to the pressurizing 
55 piston 34 based on th e assisti ng pressure force F s . The force (F s x Ls/Lm) is referred to as th e assisting drive force. On 
the other hand, the second term (FxLp/Lu) is a force to be applied to the pressurizing piston 34 based on the operati 
force F. The force (F x Lf/l-M) is referred to as the primary drive force. Thus, the assisting drive force in addition to the 
primary drive force is applied to the pressurizing piston 34, so that the wheel braking force is made larger in the present 
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braking system than that in a braking system not provided with the assisting device 81. 

[0043] On the other hand, the assisting pressure force F s is expressed by the following equation: 

F s =P S xS s 

5 

[0044] The wheel braking force F M is also expressed by the following equation: 

f m= p m xS m 

10 [0045] Therefore, the fluid pressure P M in the master cylinder 12 is expressed by the following equation: 

Pm = P S xS s xL s /(L m xS m ) + FxL ( 4L m xS m ) 

[0046] The master cylinder pressure P M is determined on the basis of the detected operating force F and according 
15 to the relationship of Fig. 3 represented by a data map stored in the ROM 132. Accortfingfy, a target value of the 
fluid pressure P s in the assisting pressure chamber 100 is determined according to the above equation, and the pres- 
sure increase control valve 74 and the pressure reduction control valve 75 are controlled so as to establish the deter- 
mined target value of the fluid pressure P & 

[0047] When the fluid pressure P s in the assisting pressure chamber 1 00 is a times the fluid pressure P M of the mas- 
20 ter cylinder 12, that is, when P s = axP M , the master cylinder pressure P M and the wheel braking force F M are 
expressed by the following equations, respectively: 

P M = FxLp/(L M xS M -axL s xS s ) 

25 F r M = FxL F x S M /0-M x S M -axL s xS s ) 

[0048] It wilt be understood that the boosting ratio of the master cylinder pressure P M and the wheel braking force F M 
increase with the value of a. 

[0049] As descrfced above, the fluid pressure P s in the assisting pressure chamber 100 is controlled so that the mas- 
30 ter cylinder pressure P M increases with the operating force F, according to the predetermined P^-F relationship as indi- 
cated in the graph of Fig. 3. According to this relationship, the master cylinder pressure P M increases with the operating 
force F acconfing to an equation P M = k x F 1/2 or P M ^kxF 2 *, while the operating force F is considerably small. 
This arrangement permits a rapid rise of the master cylinder pressure P M and a rapid increase of the wheel braking 
force. While the operating force F is relatively large, the master cylinder pressure P M increases as a quadratic function 
35 of the operating force F, that is, according to an equation P M = kx F , so that the rate of increase of the master cylin- 
der pressure Pm (wheel braking force) with the operating force F is comparatively low whOe the operating force F is in 
a medium range as indicated in Fig. 3, and so that the rate of increase of the master cylinder pressure P M is compara- 
tively high while the operating force F is considerably large. In this arrangement the accuracy of control of the wheel 
braking force is relatively high, but the braking sensitivity is relatively tow, while the operating force F is in the medium 
40 range. WhOe the operating force F is considerably large, the wheel braking force is sufficiently large, and the braking 
sensitivity is relatively high, that is, the amount of increase of the wheel braking force per a given amount of increase of 
the operating force F is relatively larga 

[00501 The fluid pressure in the volume control chamber 1 1 8 of the stroke adjusting cylinder 64 is controlled so that 
the master cylinder pressure P M increases with the operating stroke S according to the predetermined P^-S relation- 

45 ship as indicated in the graph of Ftg. 4. According to this relationship, the master cylinder pressure P M increases as a 
quadratic function of the operating stroke S, namely, according to an equation P M = k x S 2 . In this arrangement, the 
accuracy of control of the wheel braking force is relatively high whfle the operating stroke S is relatively small, and the 
rate of increase of the master cylinder pressure P M with the operating stroke S is relatively high while the operating 
stroke S is relatively larga The operating stroke S is detected by the stroke sensor 150. 

so [0051] It is also noted that a relationship between the master cylinder pressure P M and a power (efficiency) of the 
operating force F, and a relationshp between the master cylinder pressure P M and an operating stiffness of the brake 
pedal 10 can be controlled by controifing the relationship between the master cylinder pressure P M and the operating 
force F and the relationship between the master cylinder pressure P M and the operating stroke S. 
[0052] The power of the operating force F is represented by dP yf{JF xdS + S x dF) , while the operating stiffness is 

55 represented by dF/dS. The power dP^/fFxdS + SxdF) and the operating stiffness dF/tiS wiD be considered in a 
case where the fluid pressure P s in the assisting pressure chamber 100 is controlled so that the master cylinder pres- 
sure P M increases with the operating force F according to the equation P M = k x F 2 , while the fluid pressure in the vol- 
ume control chamber 1 1 8 is controlled so that the master cyfinder pressure P M increases with the operating stroke S 
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according to the equation P M =k*xS 2 . In these equations, k and k* are constants, which may be changed as desired 
by controlling the fluid pressure Ps in the assisting pressure chamber 100. In the present case, the power 
dP M /(F xdS+ SxdF) is held constant at Vfkk 1 ), as indicated in the graph of Fig. 5, and the operating stiffness dFAJS 
is also held constant at V(k7k). 

5 [0053] By controlling the fluid pressure P s in the assisting pressure chamber 1 00 and the fluid pressure in the volume 
control chamber 118 of the stroke adjusting cylinder 64 accord ng to the above equations P M = = kx F 2 , and 
P M = k"xS 2 , as descrbed above, the power dPi^/CFxdS + SxdF) is held constant, so that the rate of increase of 
the wheel braking force with the braking effort of the vehicle operator applied to the brake pedal 10 is held constant, 
making it possible to give the vehicle operator a brake operating feel that the braking effect increases linearly with an 

io increase in the braking effort by the vehicle operator. Further, the operating stiffness dF/dS is also held constant so that 
the vehicle operator operating the brake pedal 10 has a highly consistent brake operating feel. In addition, the constant 
values V(kk*) and V(k7k) of the power and operating stiffness can be changed to change the braking effect characteristic, 
by changing the constants k and k\ 

[0054] Then, the power dP M /(F x dS + S x dF) and the operating stiffness dF/dS will be considered in another case 
15 where the fluid pressure P s in the assisting pressure chamber 100 and the fluid pressure in the volume control chamber 
118 are controlled so that the master cylinder pressure P M increases with the operating force F and the operating stroke 
S according to the equations P M = kx F 273 and P« = k*xS 2 , respectively. In this case, the power changes as a func- 
tion of P M ~ 1 that is, the power is represented by {^(k*K)/2PvS. while the operating stiffness changes as a function of P M , 
as indicated in Fig. 6, that is, the operating stiffness is represented by {3V(kVk ) x P M }. 
20 [0055] By controlling the fluid pressure P s in the assisting pressure chamber 100 and the fluid pressure in the volume 
control chamber 118 of the stroke adjusting cylinder 64 according to the above equations P M = = kxF 2/3 , and 
P M = k*xS 2 , as descrfoed above, the power dP ^(F x dS + S x dF) is larger when the wheel braking force is rela- 
tively small than when it is relatively large, so that the rate of increase of the wheel braking force with the braking effort 
of the vehicle operator appGed to the brake pedal 1 0 is higher when the wheel braking force (braking effort) is relatively 
25 small than when it is relatively large. Accordingly, the vehicle operator feds a relatively high rate of increase of the brak- 
ing effect with an increase in the braking effort appGed to the brake pedal 10. Further, the operating stif f ness of the 
brake pedal 10 increases with the braking effort at a relatively high rate, so that the vehicle operator feels a relatively 
high degree of operating stiffness of the brake pedal 10. 

[0056] The power and the operating s tif fne s s win be further considered in a case where the fluid pressure P s in the 
30 assisting pressure chamber 100 and the fluid pressure in the volume control chamber 118 are controlled so that the 
master cylinder pressure Pm changes as ordinary quadratic functions of the operating force F and the operating stroke 
S, that is, according to the following equations, respectively: 

P M =k(F-a) 2 + b 

35 

P M =k-(S-c) 2 +d 

[0057] In the above equations, a, b, c and d are constants, which can be changed as desired by controlling the fluid 
pressure P s in the assisting pressure chamber 100. 

40 [0058] In the present case, the operating stiffness dF/dS is represented by V{k"(P M - d)/k(P M - b)) . Where the con- 
stant b is equal to the constant d, the value V{k"(Pu - dykfPy - b)} is constant at V(k7k). Further, the power 
dP M /(F x dS + S x dF) is represented by 2V(kk-)XY/(X + Y + aVkX +cVkT) , where X represents V(P M - b) while Y 
represents V(Pm - d). Where the constants a and c are zero, and X is equal to Y (b = d), the value 
2V(kfOXY/(X +Y 2 + aVkX +cVkY) is constant at V(kkO. Where the constants a, c and d are zero, the power is rep- 

45 resented by 2V(kk)V{P M (P M -b)}/(2P M -b). 

[0059] The power and the operating stiffness wiD be further considered in a case where the fluid pressure P s in the 
assisting pressure chamber 100 and the fluid pressure in the volume control chamber 118 are controlled so that the 
master cylinder pressure P M changes with the operating force F and the operating stroke S, according to the following 
equations, respectively: 

50 



P M = kXS-c) 2 +d 

55 [0060] In the present case, the operating stiffness dF/dS is represented by the following equation: 

dF/dS = 3^Q</k*) x V{P M (P M - d)}. 
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[0061] The above equation can be converted into the following equation according to the Taylor's Theorem: 

dFAJS % sVfkVk 3 ) x V{P M (P M - d/2}} 

5 [0062] It win thus be understood that the operating stiffness dF/dS changes linearly as a function of the master cylin- 
der pressure P M . This is true even where the constant d is equal to zero. Accordingly, the operating stiffness increases 
with an increase in the wheel braking force. 

[0063] On the other hand, the power dP^FxdS + SxdF) is represented by 

2kV(kk')M/N 3 + ak 3/2 + 3cVk"MN + 3M 2 N) , where M represents V(P M - d) while N represents VP M . Where the con- 
to stants c and d are zero, the power is represented by 2kV(kky(4P M +ak /VP M ). 

[0064] WhDe the present embodiment is adapted to control the fluid pressures in the assisting pressure chamber 100 
and volume control chamber 118 according to the specific P M -F and P M -S relationships shown in Figs. 3 and 4, it is to 
be understood that the fluid pressures may be controlled accorcfing to other relationships. For instance, a plurality of 
different P M -F and/or P M -S relationships may be used corresponding to respective ranges of the operating force F 
15 and/or operating stroke S. 

[0065] It is also possible to control the fluid pressures in the assisting pressure chamber 100 and volume control 
chamber 118, depending upon the vehicle running speed and the operating speed of the brake pedal 10, rather than 
the operating force F and stroke S. Fa instance, the fluid pressure P s in the assisting pressure chamber 100 may be 
controlled so that the master cylinder pressure P M (wheel braking force) increases with the vehicle running speed V, 
20 such that the rate of increase of the pressure P M increases with an increase of the vehicle running speed V, as indicated 
by solid fine in the graph of Fig. 9, in which broken fine indicates the P M -V relationship where the pressure P s is con- 
trolled so that the master cylinder pressure P M increases with the operating force F accorcfing to the P M -F relationship 
as incficated in the graph of Fig. 3. In the case of control indicated by the solid line of Fig. 9, the wheel braking force is 
sufficiently increased when the vehicle is running at a relatively high speed, making it possfcle to reduce the required 
25 stopping distance of the vehicle upon brake application at the relatively high speed. The vehicle running speed V used 
may be a speed during or upon brake application to the vehicle. 

[0066] Further, the fluid pressure P s may be controlled so that the master cylinder pressure P M (wheel braking force) 
increases with the operating speed dF/dt of the brake pedal 10, such that the rate of increase of the pressure P M 
increases with an increase in the operating speed dF/dt, as indicated by solid line in the graph of Fig. 10. When the 

30 operating speed dF/dt of the brake pedal 10 is relatively high, it means an emergency brake application, or a desire of 
the vehicle operator to abruptly stopping or decelerating the running vehicle. The operating speed dF/dt may be 
obtained on the basis of a rate of change of the level of the output signal of the force sensor 1 48. or alternatively on the 
bases of a rate of change of the master cylinder pressure P M while the fluid pressure P s in the assisting pressure cham- 
ber 100 is held constant Further, the operating speed dF/dt may be obtained on the basis of a rate of change of the 

35 level of the output signal of the stroke sensor 150. In this case, however, it is desirable to obtain the operating speed 
while the fluid pressure in the volume control chamber 1 18 is held constant 

[0067] It is also possible to control the fluid pressures in the assisting pressure chamber 100 and volume control 
chamber 1 1 8, depending upon the friction coefficient u of the road surface and/or the viscosity of the working fluid. For 
instance, the fluid pressure P s may be controlled so that the rate of increase of the wheel braking force with the friction 

40 coefficient u decreases with a decrease in the friction coefficient u, or so that the assisting drive force F s x L S /L M 
decreases with a decrease in the friction coefficient u. Further, the fluid pressure P s may be controlled so that the 
assisting drive force increases to increase the master cylinder pressure Pm with an increase in the viscosity of the work- 
ing fluid, since the force transmitting velocity decreases with the increase in the fluid viscosity. 
[0068] Further, both of the fluid pressures in the assisting pressure chamber 100 and volume control chamber 118 

45 need not be controlled. Namely, only the fluid pressure in the assisting pressure chamber 100 or the volume control 
chamber 118 may be controlled. 

[0069] It is noted that upon releasing of the brake pedal 1 0, the fluid in the assisting pressure chamber 1 00 is returned 
to the master reservoir 76 through the pressure reduction control valve 75. That is, the control valve 75 is held in the 
open position for a predetermined time after the brake pedal 10 has been released. 

so [0070] It is also noted that the assisting device 81 may be used as an automatic braking device, which is automatically 
activated without an operation of the brake pedal 10, when a predetermined condition is satisfied. For instance, where 
the vehicle has a sensor for detecting a distance between the vehicle front and any object such as a person in front of 
the vehicle, the flux! pressure P s in the assisting pressure chamber 1 00 is raised to apply a brake to the vehicle to avoid 
a collision of the vehicle with the object, when the detected distance has become smaller than a predetermined thresh- 

55 old. In this case, the force based on the fluid pressure in the assisting pressure chamber 1 00 is transmitted to the pres- 
surizing piston 34 through the brake pedal 1 0, so that the piston 34 is automatically advanced to increase the master 
cylinder pressure P M , namely, the pressure in the pressurizing chambers 30, 32, for applying an automatic brake to the 
vehicle, without the vehicle operator depressing the brake pedal 10. 
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[0071] On the other hand, an anti-lock braking pressure control operation is performed by controlling the solenoid- 
operated pressure holding and reducing shut-off valves 44, 48, so as to regulate the fluid pressure in each of the wheel 
brake cylinders 22, 24, 26, 28 so that the amount of slip of each wheel 14, 16, 18, 20 is held within an optimum value. 
The anti-lock braking pressure control operation for each wheel is initiated when the amount of slip of the wheel on the 
5 road surface during brake appBcation to the vehicle has become excessive with respect to the friction coefficient of the 
road surface. During the anti-lock braking pressure control operation, the fluid pressure P s in the assisting pressure 
chamber 1 00 is controlled to be held at a predetermined level which is low enough to reduce an influence of the pres- 
sure P s on the anti-lock braking pressure control operation. 

[0072] There will next be described an operation of the present braking system in the event of occurrence of an abnor- 
w malrty of the assisting device 81. When the first kind of abnormality of the assisting device 81 explained above occurs, 
the solenoid-operated shut-off valve 108 is brought to its open state, and the solenoid-coils of the pressure increase 
control valve 74 and pressure reduction control valve 75 are de-energized, so that the assisting pressure chamber 1 00 
is disconnected from both of the accumulator 72 and the master reservoir 76, and is communicated with the pressuriz- 
ing chamber 32. When the brake pedal 10 is depressed in this condition, the pressurized fluid in the pressurizing cham- 
75 ber 32 is supplied to the assisting pressure chamber 100, and the assisting piston 92 is moved. When the brake pedal 
10 is released, the pressurized fluid is returned from the assisting pressure chamber. 100 back to the pressurizing 
chamber 32, and to the master reservoir 76. If the pressurizing chamber 32 were not communicated with the assisting 
pressure chamber 1 00 through the shut-off valve 1 08, the fluid flows into and from the assisting pressure chamber 1 00 
would be inhibited, preventing a movement off the assisting piston 92, and therefore a movement of the brake pedal 1 0. 
20 In the present embodiment wherein the shut-off valve 108 is opened in the event of occwerra of ft ^ 
mality of the assisting device 81, the brake pedal 10 can be depressed even in that event. 

[0073] With the assisting pressure chamber 1 00 held in communication with the pressurizing chamber 32 through the 
open solenoid-operated shut-off valve 108, the fluid pressure in the assisting pressure chamber 100 is made equal to 
the fluid pressure P M ' in the pressurizing chamber 32. The fluid pressure P M * is represented by the following equation: 

25 

P m ' = FxLfV(L m xS m -L s xS s ) 

[0074] In the present embocfiment wherein the inequality L M xS M >L s xS s is satisfied, the fluid pressure P M f is 
prevented from being a negative pressure. That is, although the communication between the pressurizing chamber 32 
30 and the assisting pressure chamber 100 causes the working fluid to flow from the pressurizing chamber 32 into the 
assisting pressure chamber 100, the fluid pressure in the pressurizing chamber 32 will not fall belcw the atmospheric 
pressure, so that the fluid will not be cBscharged from the wheel brake cylinders 26, 28 into the pressurizing chamber 
32. Accordingly, the wheel brake cylinders 26, 28 can be actuated by the fluid pressure pressurized in the pressurizing 
chamber 32. 

35 [0075] The fluid pressure Pm in the pressurizing chamber 32 when the assisting drive force is zero is represented by 
the following equation: 

P M = FxL F /(L M xS M ) 

40 [0076] Therefore, the fluid pressure P M ' when the pressuizing chamber 32 is in communication with the assisting 
pressure chamber 100 is represented by the following equation inducting the fluid pressure P M : 

Pm^Pm^LmxS^mxSm-LsxSs) 

45 [0077] Thus, a ratio of the fluid pressure P M * when the shut-off valve 1 08 is open to the fluid pressure P M when the 
assisting drive force is zero is represented by the following equation: 

Pm^m = ^1-(L s ^S s /L m xS m )} 

so [0078] Since the value ( LS x SS/LM x SM ) is smaller than 1 as described above, it will be apparent that the abcve- 
inticated ratio P M 7P M is larger than 1. Namely, the wheel braking force when the pressurizing chamber 32 is in com- 
munication with the assisting pressure chamber 100 in the event of the first kind of abnormality of the assisting dance 
81 is larger than when the assisting drive force is zero. 

[0079] On the other hand, the solenoid-operated shut-off vatve 62 is held in the open state, and the fluid pressure in 
55 the volume control chamber 1 1 8 is held constant In the presence of an electrical abnormality the solenoid coils of the 
pressure increase control valve 122 and the pressure reduction control valve 124 are de-energized, and the stroke 
adjusting cylinder 64 is not operable to adjust the operating stroke S. 

[0080] In the event of occurrence of the second kind of abnormality of the assisting device 81 described above, the 
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shut-off valve 62 is brought to the dosed state, and the solenoid coils of the pressure increase and pressure reduction 
control valves 74, 75 are de-energized, while the shut-off valve 108 is brought to the open state as in the event of occur- 
rence of the first kind of abnormality. In this condition, the fluid pressure in the variable-volume changer 116 can be 
made higher than that in the pressurizing chamber 32. by controlling the fluid pressure in the volume control chamber 

5 118 while the variable-volume chamber 116 is disconnected from the master cylinder 12 by the closed shut-off valve 
62. Thus, the fluid pressure in the wheel brake cylinders 22, 24 can be made higher than the fluid pressure in the master 
cylinder 12. In this sense, the stroke adjusting cylinder 64 also functions as a device for increasing the fluid pressure in 
the wheel brake cyfinders 22, 24 in the event of occurrence of the second kind of abnormality. 
[0081] The shut-off valve 62 may be brougfrt to the closed state also when the assisting cylinder 78 has an abnormal- 

io rty. such as a failure to move the assisting piston 92. In this case, too, the pressurized fluid can be supplied from the 
stroke adjusting cylinder 64 to the wheel brake cylinders 22, 24. This abnormality can be detected if the master cylinder 
pressure P M or the assisting pressure drive force F s is lower or smaller than a predetermined threshold while the oper- 
ating force F is larger than a predetermined value In this case, it is desirable to hold the shut-off valve 1 08 in the closed 
state, for preventing the fluid to be cfischarged from the pressurizing chamber 32 into the assisting pressure chamber 

is 100. 

[0082] As descrfoed above, the present hydraulically operated braking system is constructed to electrically control the 
fluid pressure in the assisting pressure chamber 100, permitting an electrical control of the assisting drive force to be 
applied to the pressurizing piston 34 of the master cylinder 12, so that the master cylinder pressure P M can be control- 
led to a level in a non-proportional relationship with the operating force F of the brake pedal 1 0. That is, the relationship 

20 between the master cylinder pressure and the brake pedal operating force can be changed as desired. Further, the 
present braking system is equipped with the stroke adjusting device 128 including the stroke adjusting cyfinder 64 hav- 
ing the volume control chamber 118 whose fluid pressure can also be electrically controlled, so that the relationship 
between the master cylinder pressure and the brake pedal operating stroke can also be changed as desired. The stroke 
adjusting device 1 28 can be utilized as a device for activating the wheel brake cylinders 22, 24 with a relatively high fluid 

25 pressure, in the event of abnormality of the assisting device 81 . The utilization of the stroke adjusting device 1 28 makes 
it possible to apply a relatively high braking pressure to the wheel brake cylinders 22, 24, without increasing the struc- 
tural complexity of the braking system. Even rf the pressure increase and pressure reduction control valves 74, 74 are 
not normally operable, the electrical control to dose the shut-off valve 62 permits the stroke adjusting cylinder 64 to acti- 
vate the wheel brake cylinders 22, 24 with the pressurized fluid supplied from the accumulator 72. Further, the electrical 

30 control to open the shut-off valve 108 in the event of an abnormality of the assisting drive force control device 109 per- 
mits the brake pedal operating force to be boosted. 

[0083] ft wiD be understood from the foregoing description of the present first embodiment of the invention that a por- 
tion of the pressure control device 80 assigned to control the pressure increase and pressure reduction control valves 
74, 75 constitutes a major portion of a control valve control device for controlling the control valves 74, 75, while the 

35 solenoid-operated shut-off varve 108 and a portion ofme pressure control device 80 assigned to 

108 constitute an emergency fluid cornmunicating device for effecting fluid communication between the pressurizing 
chamber 32 and the assisting pressure chamber 100 in the event of an abnormality of the assisting device 81. Since 
the fluid pressurizing characteristic of the master cylinder 12 is controlled by adjusting the operating stroke S by the 
stroke adjusting device 128, the stroke adjusting device 128 may be considered to be one form of a master cylinder 

40 characteristic control device for controlling the fluid pressurizing characteristic of the master cyfinder 1 2. Since the fluid 
pressurizing characteristic of the master cyfinder 1 2 can also be controlled by controlling the assisting drive force pro- 
duced by the assisting device 81, the assisting device 81 inducting the assisting drive force control device 108 may be 
considered to be another form of the master cyfinder charac te ristic control device. Whfle both of the assisting device 81 
and the stroke adjusting device 1 28 may be considered to be the master cyfinder characteristic control device, each of 

45 these two devices 81, 128 may be considered to be the master cylinder characteristic control device, since either the 
device 81 or the device 128 alone can change the fluid pressurizing characteristic of the master cylinder 12. ft will fur- 
ther be understood that the stroke adjusting cylinder 64 having the volume control chamber 118 and a portion of the 
pressure control device 80 assigned to control the fluid pressure in the chamber 1 1 8 constitute a master cylinder fluid 
amount control device for controlling the amount of the fluid in the master cylinder 12 to adjust the operating stroke S 

so of the brake pedal 1 0, and that the shut-off valve 62 and a portion of the pressure control device 80 assigned to dose 
the shut-off valve 62 constitute an emergency master cylinder disconnecting device for disconnecting the variaWe-vol- 
ume chamber 116 and the master cyfinder 12 from each other in the event of an abnormality of tte drive force 

control device 109. 

[0084] In the present embodiment, the fluid pressures in the assisting pressure chamber 100 and volume control 
55 chamber 1 1 8 are controlled so that the master cyfinder -pressure P M changes in the predetermined relationships with 
the operating force F and stroke S as incficated in the graph of Figs. 3 and 4, respectively. However, the fluid pressures 
may be controlled so that the deceleration value of the vehicle during an operation of the brake pedal 10 coincides with 
a value corresponding to the operating force F and stroke S. In this case, the braking system is provided with a sensor 
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for detecting the vehicle deceleration value. The vehicle deceleration sensor may be a sensor for detecting the fluid 
pressure in the wheel brake cylinders. That is, the fluid pressures in the chambers 100, 118 may be controlled In a pre- 
determined relationship with the fluid pressure in the wheel brake cyfinders. 

[0085] The present embodiment is further arranged such that the fluid pressure in the volume control chamber 118 
5 of the stroke adjusting cylinder 64 while the brake pedal 10 is in the non-operated position is held at a value necessary 
to hold the stroke adjusting piston 1 14 at its original position. That is, the fluid pressure in the chamber 118 when the 
brake pedal 10 is In the non-operated position is determined such that a force acting on the piston 114 based on that 
fluid pressure is equal to the blazing force of the return spring 126. However, a spring whose blazing force is equal to 
that of the return spring 126 may be disposed on the volume control chamber 1 18 to hold the piston 1 14 at its original 
w position when the brake pedal 10 is in the non-operated position. In this case, the fluid pressure in the chamber 118 
may be held at the atmospheric pressure while the brake pedal 10 is in the non-operated position. Descrfoed in detail, 
the fluid pressure in the chamber 1 18 is lowered to the atmospheric pressure upon releasing of the brake pedal 10, by 
holding the pressure reduction control solenoid-operated shut-off valve 1 24 in its fully open position with the maximum 
electric current appGed to its solenoid coil, for a predetermined time after the releasing of the brake pedal 10, to return 
15 the fluid from the chamber 1 1 8 to the master reservoir 76. This arrangement eliminates a need of controlling the fluid 
pressure in the chamber 1 1 8 so as to hold the piston 1 1 4 at its original position against the blazing force of the return 
spring 126 after the brake pedal 10 is released. 

[0086] Referring next to Fig. 12, a hydrauJicatty operated braking system according to a second embodiment of this 
invention will be described. In this braking system, the variable-volume chamber 1 16 of the stroke adjusting cylinder 64 

20 is connected to the pressurizing chamber 30 of the master cylinder 1 2 through a fluid passage 1 65, and to the fluid pas- 
sage 36 through a fluid passage 166. A normally-open solenoid-operated shut-off valve 168 is provided in the fluid pas- 
sage 165. In the event of occurrence of the second kind of abnormality of the assisting device 81, the shut-off valve 168 
is closed, to disconnect the variable^volume chamber 116 from the pressurizing chamber 30, so that the fluid pressure 
in the chamber 1 1 6 can be made higher than the fluid pressure in the pressurizing chamber 30 upon depression of the 

25 brake pedal 10, in order to activate the wheel brake cylinders 22. 24 with the pressurized fluid supplied thereto through 
the fluid passages 166, 63. 

[0087] In a third embodiment of the invention, a stroke adjusting cylinder 170 as shown in Fig. 13 is used in place of 
the stroke adjusting cylinder 64. This stroke adjusting cylinder 170 includes a cylinder housing 172, and a volume- 
changing piston or stroke adjusting piston 174 slidabty received in the cylinder housing 172. Described more specifi- 

30 cally, the cylinder housing 172 has a stepped bore consisting of a small-diameter portion 175 and a large-diameter por- 
tion 176 having a larger diameter than the small-diameter portion 175. A small-diameter piston 180 and a large- 
diameter piston 182 are slidably received in the respective small-diameter and large-diameter portions 174, 175, and 
these two pistons 180, 1 82 are connected to each other by a connecting rod 184, so that the pistons 180, 182 are mov- 
able as a iinrl Thus, the stroke ao^justi^ 182 

35 and the connecting rod 184. The small-diameter portion 175 cooperates with the smalhjiameter piston 180 to define a 
variable-volume chamber 188 communicating with the pressurizing chamber 30. The cylinder housing 172 cooperates 
with the small-diameter and large-diameter pistons 180, 182 to define a volume control chamber 190 between the two 
pistons 180, 182. As in the first embodiment of Fig. 1, the volume control chamber 190 is connected to the accumulator 
72 and the master reservoir 76 through the pressure increase control valve 122 and the pressure reduction control 

40 valve 124, respectively. The large diameter portion 175 cooperates with the large-diameter piston 182 to define an 
atmospheric chamber on the side of the piston 182 remote from the volume control chamber 190. The atmospheric 
chamber is held in communication with the atmosphere. A sprang 1 92 is disposed in the atmospheric chamber to bias 
the stroke adjusting piston 174 in a cfirectfon of reduction of the volume of the variable-volume chamber 188. 
[0088] VVhfle the brake pedal 10 is in the ncrKXoeratedpo 

45 or neutral position in which a force acting on the piston 174 based on the fluid pressure in the volume control chamber 
190 is equal to the biasing force of the spring 192. As the fluid pressure in the volume control chamber 190 is increased, 
the stroke adjusting piston 174 is moved from the original position in the left direction as seen in Fig. 13, causing an 
increase in the volume of the variable-volume chamber 1 88, and resulting a ffow of the fluid from the pressurizing cham- 
ber 30 into the variable-volume chamber 188. As the fluid pressure in the volume control chamber 190 is reduced, the 

so piston 174 is moved from the original position in the right direction, causing a decrease in the volume of the variable- 
volume chamber 188, resulting in a flow of the fluid from the variable-volume 

30. Thus, by controlBng the fluid pressure in the volume control chamber 190, the volume of the variable-volume cham- 
ber 188 is charxjed, so that the amourt erf the fluid In the pressurizing channber 30 is accoroln 
operating stroke of the brake pedal 10. 
55 [0089] In the present second embodiment wherein the spring 1 92 biases the stroke adjusting piston 1 74 in the direc- 
tion of reduction of the volume of the variable-volume chamber 1 88, as described above, a recfciction of the fluid pres- 
sure in the variable-volume chamber 190 wfll cause the stroke adjusting piston 174 to be moved by the biasing force in 
the right direction. In this arrangement, a reduction of the fluid pressure in the chamber 190 due to an abnormality of 
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the pump 70, accumulator 72, pressure increase control valve 122 or pressure reduction control valve 124 would not 
cause an increase in the operating stroke of the brake pedal 10. 

[0090] It is to be understood that the stroke adjusting device 128 and the solenoid-operated shut-off valve 62 are not 
essential. The fluid pressurizing characteristic of the master cylinder 12, that is, the relationship between the operating 

5 force F of the brake pedal 10 and the master cylinder pressure P M can be controlled as desired, without the prevision 
of the stroke adjusting device 128. It is also noted that the fluid pressuring characteristic of the master cytinder 12 can 
be controlled, without the provision of the assisting device 81. It is further noted that the solenoid-operated shut-off 
valve 108 between the assisting pressure chamber 100 and the pressurizing chamber 32 is not essential. 
[0091] Referring next to Fig. 14, there is shown a hydraulicaHy operated braking system constructed according to a 

10 fourth embodiment of this invention, wherein a solenoid-operated shut-off valve 210 is provided between the master 
reservoir 76 and the assisting pressure chamber 1 00, in place of the shut-off valve 1 08 provided between the assisting 
pressure chamber 100 and the pressurizing chamber 32. This shut-off valve 210 is normally placed in the open position. 
When the brake pedal 10 is operated while the assisting device 82 is normal, the shut-off valve 210 is brought to its 
closed position, so that the fluid pressure in the assisting pressure chamber 100 is controlled by corrtrdBng the pressure 

75 increase and pressure re&iction control valves 74, 75. In the event of occurrence of the first kind of abnormality of the 
assisting device 81 , the solenoid coil of the shut-off valve 21 0 is de-energized to place the shut-off valve 21 0 in the open — . 
position for fluid communication of the assisting pressure chamber 1 00 with the master reservoir 76, so that an opera- 
tion of the brake pedal 10 causes the fluid to be supplied from the master reservoir 76 into the assisting pressure cham- 
ber 100. permitting the pressurizing piston 92 to be moved as the brake pedal 10 is depressed. Thus, the brake pedal 

20 10 can be operated even in the event of occurrence of the first kind of abnormality of the assisting device 81. When the 
brake pedal 1 0 is released, the fluid is returned from the pressurizing pressure chamber 1 00 back to the master reser- 
voir 76 through the shut-off valve 2 1 0. In this event, the assisting drive force applied to the pressurizing piston 34 is zero, 
the fluid pressure generated in the pressurizing chambers 30, 32 is based solely on the primary drive force based on 
the operating force F of the brake pedal 10. 

25 [0092] A hydraulicalfy operated braking system according to a fifth embodiment of the present invention will be 
descrbed by reference to Fig. 15, wherein the master cyfinder 12 incorporates an assisting cylinder within a single cyl- 
inder housing. This arrangement has an advantage of a reduced number of parts of the braking system. Described in 
detail, the master cylinder 12 has a pressurizing piston 220 and a piston rod 221 which is f ixed to the piston 220 and 
connected to the brake pedal 1 0. The piston 220 cooperates with the cyfinder housing to define a pressurizing chamber 

30 222 on one side of the piston 220 remote from the piston rod 221, and an assisting pressure chamber 224 on the other 
side of the piston 220. The assisting pressure chamber 224 is connected to the accumulator 72 through the pressure 
increase control valve 75, as in the first embodiment of Fig. 1 . An increase of the fluid pressure In the assisting pressure 
chamber 224 win causes an increase in the forc^ acting on the pressurizing piston 220. Reference numeral 225 denotes 
a stop which determines a fully retracted position of the pressurizing piston 220. 

35 [0093] In the present embodiment of Fig. 15, the pressurizing piston 220 functions also as an assisting piston, and 
the cfistance I_m between the fulcrum 96 of the brake pedal 10 and the rod 221 of the pressurizing piston 220 is equal 
to the distance Lg between the fulcrum 96 and the rod 221 of the assisting piston 220. ft wfll also be understood that a 
pressure-receiving surface area Ss of the assisting piston 220 is equal to the rxessure-recehnng surface area of the 
pressurizing piston 220 minus a transverse cross sectional area Sq of the piston rod 221 . That is, S s =S M -S Q . 

40 [0094] Therefore, the master cylinder pressure P M is expressed by the following equation: 

P M = F x Lp/(L M x S M ) + P s x (S M - S 0 VS M 

[0095] It Is noted that the assisting cylinder 78 may be disposed in series with the master cytinder 12 such that these 

45 cylinders 78, 12 have separate housings. 

[0096] Referring next to Fig. 17, there is shown a hydraulicafly operated braking system according to a sixth embod- 
iment of this invention, wherein a check valve 230 is provided between the assisting pressure chamber 100 and the 
master reservoir 76. The check valve 230 allows a flow of the working fluid in a cfirection from the master reservoir 76 
towards the assisting pressure chamber 1 00, and inrribits a flow of the fluid in the opposite direction. 

so [0097] In the event of occurrence of the first kind of abnormality of the assisting device 81 , the shut-off valve 108 is 
opened permitting the fluid communication between the assisting pressure chamber 100 and the pressurizing chamber 
32. However, the shut-off valve 108 may be held in its dosed state due to an abnormality thereof such as sticking due 
to a foreign matter contained in the working fluid. In this case, the assisting pressure chamber 100 Is disconnected from 
both of the accumulator 72 and the master reservoir 76, and the fluid flows into and from the assisting pressure charrv 

55 ber 1 00 are irthtoited. The check valve 230 is provided to prevent this drawback. The check valve 230 permits the fluid 
to be supplied from the master reservoir 76 to the assisting pressure chamber 100, thereby permitting an operation of 
the brake pedal 10 even if the shut-off valve 108 is kept dosed due to its abnormality. In this embodiment the spring 
1 04 of the pressure reduction control valve 75 has a considerably small biasing force, so that the fluid can be returned 



29 



EP0950593A2 



from the assisting pressure chamber 1 00 back to the master reservoir 76 through the pressure reduction control valve 
75. without an energization of the coil 102 of the control valve 75, when the brake pedal 10 Is released. 
[0098] The solenoid-operated shut-off valve 108 may be replaced by a pilot-operated switch valve which is mechan- 
ically switched from its closed state to its open state, when the fluid pressure in the accumulator 72 falls below a prede- 
5 termined lower limit that is, falls down to an abnormally low level. Further, a flow restrictor device may be provided in 
series with the shut-off valve 1 08 or the pilot-operated switch valve. 

[0099] Referring to Fig. 18, there will be descrtoed an example of such a modification as indicated above, according 
to a seventh embodiment of this invention. In this embodiment a pilot-operated switch valve 242 and a flow restrictor 
device 244 as indicated above are provided in series In a fluid passage 240 connecting the assisting pressure chamber 

10 100 and the pressurizing chamber 32. The flow restrictor device 244 includes a check valve 246, a differential shut-off 
valve 248 and an orifice 250. The check valve 246 allows a flow of the fluid in a direction from the assisting pressure 
chamber 1 00 towards the pressurizing chamber 32, and inhibits a flow of the fluid in the opposite direction. The differ- 
ential shut-off valve 248 allows a flow of the fluid in the direction from the pressurizing chamber 32 towards the assisting 
pressure chamber 100 when the fluid pressure in the pressurizing chamber 32 becomes higher than that in the assist- 

15 ing pressure chamber 1 00 by a predetermined amount P1 . The orifice 250 is disposed in series connection with the dif- 
ferential shut-off valve 248. The series connection of the shut-off valve 248 and the orifice 250 is parallel with the check 
valve 246. 

[01 00] When the fluid pressure in the accumulator 72 falls below the predetermined lower limit the switch valve 242 
is brought to the open state However, the assisting pressure chamber 100 is tfsconnected from the master reservoir 

20 32 by the flow restrictor device 244 while the fluid pressure difference of these chambers 100, 32 is smaller than the 
predetermined amount P1 . When the brake pedal 1 0 is operated in this condition, the fluid is supplied from the master 
reservoir 76 into the assisting pressure chamber 1 00, thereby permitting the assisting piston 92 to be moved. When the 
fluid pressure in the pressurizing chamber 32 has become higher than the fluid - 1 pressure in the assisting pressure 
chamber 100 by the predetermined amount P1 or more, as a result of increase of the brake operating force F, the pres- 

25 surized fluid is fed from the pressurizing chamber 32 into the assisting pressure chamber 100 through the differential 
shut-off valve 248, whereby the braking operating force F is boosted. 

[0101] The fluid communication of the assisting pressure chamber 100 with the pressurising chamber 32 through the 
switch valve 242 and the shut-off valve 248 wfll cause an increase in the operating stroke S of the brake pedal 10. How- 
ever, the pressurizing fluid is not supplied from the pressurizing chamber 32 into the assisting pressure chamber 100 

30 immediately after the switch valve 242 has been opened. Accordingly, the operating stroke is more or less restricted by 
this time delay. The master cylinder pressure P M changes with the operating stroke S, as inticated by one-dot chain line 
in the graph of Fig. 19, when the pressurizing chamber 32 and the assisting pressure chamber 100 are disconnected 
from each other, and as indicated by broken line in the graph of Fig. 19, when these chambers 32, 100 are connected 
to each other. The present embodiment is adapted such that the master cylinder pressure P M changes with the oper- 

35 acting stroke S, along the one-dot chain line as long as the differential shut-off valve 248 is held in the closed state, and 
along the broken fine after the shut-off valve 248 has been brought to the open positioa In adrJtion, the provision of the 
orifice 250 provides a delay for the braking effect to be provided when the operating speed of the brake pedal 1 0 is rel- 
atively high. That is, although the shut-off valve 248 is relatively quickly opened when the operating speed of the brake 
pedal 10 is relatively high, the rate of flow of the fluid from the pressurizing chamber 32 towards the assisting pressure 

40 chamber 100 is restricted by the orifice 250. 

[0102] When the brake pedal 10 is released, the fluid is returned from the assisting pressure chamber 100 to the pres- 
surizing chamber 32 through the switch valve 242 and the check valve 246, and then to the master reservoir 76 through 
the pressurizing chamber 32. 

[0103] The differential shut-off valve 248 may be a solenoid-operated shut-off valve whose opening pressure differ- 
45 ence is controllable, like the pressure increase control valve 74. In this case, the predetermined amount P1 (indicated 
in the graph of Fig. 19) at which the curve along which the master cylinder pressure P M changes with the operating 
stroke S is changed from the one-dot chain line to the broken line can be changed. Further, the switch valve 242 may 
be replaced by a mechanically operated or solenoid-operated switch valve which is brought to its open state when the 
fluid pressure in the pressurizing chamber 32 has become higher than that in the assisting pressure chamber 100 by a 
so predetermined amount while the fluid pressure in the accumulator 72 is lower than the predetermined lower limit. In this 
case, the master cylinder pressure P M changes with the operating stroke S along the broken line of Fig. 19 after the 
chambers 32, 100 has been brought into communication with each other through the mechanically operated or sole- 
noid-operated switch valve. It is also noted that the orffice 250 is not essential. An increase in the operating stroke S is 
limited since the shut-off valve 248 is not opened immecfiatery after the switch valve 242 has been opened. 
55 [0104] While the pump 70 and the accumulator 72 are used commonly for both of the stroke adjusting device 128 and 
the assisting device 81, two sets of pump and accumulator may be provided for the two devices 128, 81, respectively. 
In this case, the operating stroke S when the chambers 1 00, 32 are communicated with each other can be restricted by 
the stroke adjusting device 128. 
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[0105] At least one of the assisting device 81 and the stroke adjusting device 128 includes an electric motor for acti- 
vating these devices 81 , 1 28. For instance, a hydrauiicaDy operated braking system according to an eighth embodiment 
of this invention shown in Fig. 20 includes two electric motors 262, 268. The electric motor 262 is connected to an 
assisting rod 260 through a motion converting device 264. The assisting rod 260 engages the brake pedal 1 0. The elec- 

5 trie motor 268 is connected to a votumechanging piston or stroke adjusting piston 266 through a motion converting 
device 269. The motion converting devices 264, 269 are adapted to convert rotary motions of the electric motors 262, 
268 into Gnear motions of the assisting rod 260 and stroke adjusting piston 266, respectively. The electric motors 262, 
268 are connected to a motor control device 270 through respective driver circuits 272, 274, so that the motors 262, 
268 are controlled by the motor control device 270. An assisting electric drive force to be applied to the assisting rod 

w 260 is controlled by controlling the electric motor 262, and the volume of the variable-volume chamber 1 1 6 is controlled 
by controlling the electric motor 268. The present eighth emtxxfiment does not require the pump 70, accumulator 72, 
pressure increase control valves 74, 122 and pressure reduction control valves 75, 124. Accordingly, the space required 
for installing the braking system is reduced, tn the event of an abnormality of the electric motor 262 or an abnormality 
associated with the electric motor 262, the solenoid-operated shut-off valve 62 is closed, so that the braking pressure 

is to be applied to the wheel brake cylinders 22, 24 can be increased by reducing the volume of the variable-volume cham- 
ber 116. The electric motors 262, 268 may be replaced by electric actuators each including a piezoelectric dement or 
elements. In this case, the motion converting devices are not necessary. However, forces generated by the piezoelectric 
elements may be applied to the assisting rod 260 and stroke adjusting piston 266 through respective motion converting 
devices. 

20 [0106] The sdenotd-operated shut-off valve 62 may be brought to its closed state when the master cylinder 12 is not 
normally operable to generate the fluid pressure in the pressurizing chamber 30. For instance, the shut-off vatve 62 may 
be dosed when the fluid pressure detected by the master cyfinder pressure sensor 156 is lower than a predetermined 
lower limit 

[01 07] In the embodiments described above, the rods 95, 98 of the assisting and pressurizing pistons 92, 34 engage 
25 the brake pedal 10 such that the engaging ends of the rods 95, 98 are movable relative to the brake pedal 10 in the 
longitudinal cf rection of the brake pedal 10. However, this arrangement is not essential. That is, where the rods 95, 98 
are connected to the pistons 92, 34 pivotably relative to the pistons 92, 34, the rods 95, 98 are pivotable relative to the 
brake pedal 10 provided the rods 95, 98 engage the brake pedal 10 pivotably thereto. 

[01 08] Referring next to Fig. 21 , there will be described a hydraufically operated braking system constructed accord- 
30 ing to a ninth embodiment of the present invention, wherein the master cylinder and the assisting cylinder are provided 
in a single integral housing, in series connection with each other. This braking system is designed for a rear-drive vehi- 
cle wherein the rear wheels 14, 16 are drive wheels (driven by a drive power source) while the front wheels 18, 20 are 
driven wheels. 

[01 09] The braking system of Fig. 21 includes a master cylinder 300 having two pressurizing chambers 302, 304. The 
35 first pressurizing chamber 302 is connected through a fluid passage 306 to the wheel brake cylinders 26, 28 for the front 
wheels 18, 20, while the second pressurizing chamber 304 is connected through a f kjid passage 308 to the wheel brake 
cylinders 22, 24 for the rear wheels 14, 1a As in the embodiments desenbed above, the solenoid-operated shut-off 
valves 44 are provided in the fluid passages 306, 308. Further, normally-open solenoid-operated shut-off valves 312 
are provided in a fluid passage connecting the wheel brake cylinders 22, 24 and the reservoir 76, while normally-closed 
40 solenoid-operated shut-off vatves 316 are provided in a fluid passage 314 connecting the wheel brake cylinders 26, 28 
and the reservoir 76. 

[01 1 0] These solenoid-operated shut-off valves 31 2, 31 6 are closed to increase the fluid pressures in the wheel brake 
cylinders 22,24, 26, 28, and are opened to reduce the fluid pressures in these wheel brake cylinders. When the brake 
pedal 10 is released, too, these shut-off valves 312, 316 are opened to return the fluid from the wheel brake cylinders 

45 22-28 to the reservoir 76. When the brake pedal 10 is released, the normally-closed shut-off valves 316 are kept open 
for a predetermined time suitabl e for the fluid to be able to be completely returned to the reservoir 76. and are then held 
in the closed state The solenoid coils of the shut-off valves 312, 316 are connected through respective driver circuits 
to both of the pressure control device 80 and an emergency control device 318. When the assisting device 81 is nor- 
mally operable, the shut-off valves 312, 316 are controlled by the pressure control device 80. In the event of an abnor- 

so mality of the pressure control device 80 due to some electrical defect thereof, the shut-off vatves 31 2, 31 6 are controlled 
by the emergency control device 318, so that the wheel brake cylinders 22-28 can be normally activated even in the 
event of an electrical delect associated with the pressure control device 80. 

[01 1 1 ] The master cylinder 300 has a cyfinder housing 320 which houses a first pressurizing piston 322 movable rel- 
ative to the cyfinder housing 320, and a second pres su rizing piston 324 movable to the first pressurizing piston 322. 
55 The first pressurizing piston 322 is operativefy connected to the brake pedal 10, so that the piston 322 is moved in 
response to an operation of the brake pedal 10. The second piston 324 drvides the interior space of the cyfinder housing 
320 into the first and second pressurizing chambers 302, 304. The second pressurizing piston 324 includes two cylin- 
drical pistons 330, 332 each of which is closed at one of ite opposite erids and is open aft the other erri. These t^ 
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ctrical pistons 330, 332 are cfisposed such that the outer surfaces of their bottom wads 340, 342 are opposed to each 
other in the axial direction. The cylindrical piston 330 which is remote from the first pressurizing piston 322 functions as 
a partition member separating the first and second pressurizing chambers 302, 304 from each other will be referred to 
as "a front second pressurizing piston" while the other cylindrical piston 332 will be referred to as "a rear second pres- 
5 surizing piston*. 

[01 1 2] The outer circumferential surface of the front second pressurizing piston 330 ftuid-tightry and sGdably engages 
an annular radial wall 334 formed on the inner circumferential surface of the cylinder housing 320. The rear second 
pressurizing piston 332 has two annular radial walls 336, 337 formed on its outer circumferential surface such that the 
annular racial walls 336, 337 are spaced apart from each other in the axial direction of the piston 332. At these annular 
10 radial walls 336, 337, the rear second pressurizing piston 332 f luid-tightly and slidabty engages the inner circumferential 
surface of the cylinder housing 320. 

[01 1 3] The second pressurizing chamber 304 is formed in front of the front second pressurizing piston 330 with the 
annular racial wall 334 fhid-tightry engaging the inner circumferential surface of the cylinder housing 320. A spring 338 
is disposed in the second pressurizing chamber 304, to bias the front second pressurizing piston 330 in the rear direc- 
ts tk>n toward the rear second pressurizing piston 332, so that the bottom wall 340 of the front second pressurizing piston 
330 is held in abutting contact with an annular axial protrusion 343 formed on the bottom wall 342 of the rear second 
pressurizing piston 332, whereby the pistons 330, 332 are axially movable as a unit (second pressurizing piston 324). 
The fully retracted position of the second pressurizing piston 324 is determined by abutting contact of a rear open end 
face 346 of the rear second pressurizing piston 332 with a rear end face 347 of the cylinder housing 320. The first pres- 
to surizing piston 322 fluid-tightfy and slidabty engages the inner drcumferential surface of the rear second pressurizing 
piston 332. The first pressurizing piston 322 and the rear second pressurizing piston 332 cooperate to define a fluid 
chamber 348 in front of the first pressurizing piston 322. The bottom waD 342 of the rear serort 
has an orifice 350 for fluid communication between the fluid chamber 348 and an annular chamber 344 which is defined 
by the inner drcumferential surface of the cylinder body 320, the outer drcumferential surface of the second pressuriz- 
es ing piston 324, the annular radial waOs 334, 336 and the annular axial protrusion 343. The orifice 350 permits the fluid 
pressures in the fluid chamber 348 and the annular chamber 344 to be equal to each other. The first pressurizing cham- 
ber 302 consists of the annular chamber 344 and the fluid chamber 348. 

[01 14] The volume of the first pressurizing chamber 302 (volume of the fluid chamber 348) is reduced and the fluid 
pressure in the first pressurizing chamber 302 is increased, as the first pressurizing piston 322 is moved toward the sec- 

30 ond pressurizing piston 324. The volume of the second pressurizing chamber 304 is reduced and the fluid pressure in 
the second pressurizing chamber 304 is increased, as the second pressurizing piston 324 is advanced. As the second 
pressurizing piston 324 is advanced, the volume of the annular chamber 344 is also reduced to thereby reduce the vol- 
ume of the first pressurizing chamber 302. A spring 352 is disposed in the fluid chamber 348. to bias the first pressu- 
rizing piston 322 in the rear direction. 

35 [0115] The first pressurizing piston 322 cooperates with the cylinder body 320 to define an assisting pressure cham- 
ber 360 on the side of the first pressurizing piston 322 remote from the fluid chamber 348. The assisting pressure cham- 
ber 360 is connected to the assisting drive force control device 109 th^ 

based on the fluid pressure in the assisting pressure chamber 360 acts on the first pressurizing piston 322 in the for- 
ward cfirection so as to boost the operating force F of the brake pedal 10. Thus, the first pressurizing piston 322 also 
40 factions as an assisting piston. That is, the first pressurizing piston 322 has a largeKfiameter portion 362 slidably 
engaging the cylinder body 320, and rear and front axial sections of this large-cfiameter portion 362 are considered to 
be the assisting piston and the pressurizing piston, respectively. 

[0116] A normafly-open solenoid-operated shut-off valve 363 is provided in the fluid passage 361. This shut-off valve 
363 is placed in its closed state when the braking system is operated to perform a traction control of the rear drive 
45 wheels 14, 16 (by activating the wheel brake cylinders 22, 24 to control the dive forces of the rear drive wheels 14, 16 
so as to prevent excessive slipping of these drive wheels, during starting of the vehide, for example), or to perform a 
vehide tomingstabflrtycorrtrolfty 

the turning stability of the vehide during turning). The shut-off valve 363 is held in its open state when the brake pedal 
10 is operated. As descrfoed below, a pressurized fluid is supplied from the second pressurizing chamber 304, while 
so inhibiting this fluid to be stppfied to the assisting pressure chamber 360, during the traction control or the vehide turn- 
ing stability control. A stop 364 is provided in the assisting pressure chamber 360. to determine the fully retracted posi- 
tion of the first pressurizing piston 322. 

[0117] The first pressurizing chamber 302 and the assisting pressure chamber 370 are connected to each other 
through a f tod passage 370. A solenoid-operated shut-off valve 372 and a flow restrictor device 374 are provided in the 
as fluid passage 370, in series with each other. The flow restrictor device 374 includes a deferential shut-off valve 376, an 
orifice 377 and a check valve 378. The shut-off valve 372 is a normally-open valve which Is held open while the solenoid 
coil is in a de-energized state. This shut-off valve 372 is dosed when the brake pedal 10 is operated, when the fluid 
pressures in the wheel brake cylinders 22, 24 for the drive wheels 14, 16 are increased to perform the traction control 



32 



EP0950593A2 



or to appty a brake to one of the drive wheels 14, 16 during the vehicle turning stability control. In the event of occur- 
rence of the first kind of abnormality of the assisting device 81 descrfoed above, the shut-off valve 372 is held in its 
closed state with the solenoid coil kept de-energized, even when the brake pedal 10 is operated or the traction or vehi- 
cle turning stability control is commanded to be effected. When the fluid pressure in the first pressurizing chamber 302 
5 has become higher than the fluid pressure in the assisting pressure chamber 360 by a predetermined amount, the pres- 
surized fluid in the first pressurizing chamber 302 is supplied to the assisting pressure chamber 360 through the differ- 
ential shut-off valve 376, orifice 377 and shut-off valve 372. 

[0118] Similarly, the second pressurizing chamber 304 and the assisting pressure chamber 370 are connected to 
each other through a fluid passage 380 in which a solenoid-operated shut-off valve 382 and a flow restricted device 384 

w are provided. The shut-off valve 382 is closed when the brake pedal 10 is operated, but is held in its open state when 
the traction control or the vehicle turning stability control is effected, fan the latter case, the shut-off valve 382 is held in 
the open state while the above-indicated shut-off valve 372 is held in its closed state, so that the pressurized fluid con- 
trolled by the assisting drive force control device 109 is not supplied to the first pressurizing chamber 302, but is sup- 
plied to the second pressurizing chamber 304 through the shut-off valve 382 and the check valve 386. In the event of 

is occurrence of the first kind of abnormality of the assisting device 81 , the shut-off valve 382 is relumed to the open state, 
causing the pressurized fluid in the second pressurizing chamber 304 to be supplied to the assisting pressure chamber 
360 through the differential shut-off valve 388, orifice 389 and shut-off valve 382. 

[011 9] In the present ninth embodiment of Fig. 21 , the operating force F of the brake pedal 1 0 is detected by a force 
sensor 390, and the fluid pressure in the assisting pressure chamber 360 is detected by an assisting pressure sensor 

20 392, while the fluid pressure in the first pressurizing chamber 302 is detected by a master cylinder pressure sensor 394. 
The force sensor 390 is a relatively inexpensive sensor which is capable of detecting the operating force with a relatively 
high degree of accuracy when the operating force is relatively small, but with a relatively lew degree of accuracy when 
the operating force is relatively larga In view of this fact, the operating force of the brake petal 10 is estimated on the 
basis of the fluid pressures in the assisting pressure chamber 360 and the first pressurizing chamber 302. In the 

25 present embodiment the force sensor 390 is adapted to detect as the operating force F a reaction force P which is 
applied from the first pressurizing piston 322 to the brake pedal 10. 

[0120] The first pressurizing piston 322 receives the operating force F = P detected by the force sensor 390, an 
assisting drive force F s based on the fluid pressure in the assisting pressure chamber 360, and a force F M based on 
the fluid pressure in the fluid chamber 348 of the first pressurizing chamber 302. These forces P, F s and F M have a 
30 relationship represented by the foil owing equation: 

F + F S = F M 

[0121] The force F M is a product of the master cylinder pressure Pm detected by the master cylinder pressure sensor 
35 394 and a transverse cross sectional area Sm of the large-diameter portion 362 of the first pressurizing piston 322, that 
is, F M = P M xS M . On the other hand, me assisting drive force F s is a product of me fluti 

assisting pressure sensor 392 and the cross sectional area Sm minus a cross sectional area S P of the smafl-cfiameter 
portion of the piston 322, that is, F s = {P s x (SM - SP)} . Therefore, the operating force P can be estimated according 
to the following equation: 

40 

F- = (PM*S M )-fP s x(S M -Sp)} 

[01 22] On the other hand, the reaction force P and the operating force F acting on the pedal pad 97 have a relation- 
ship represented by the following equation: 

45 

F^PxL^p 

[0123] Therefore, the operating force F can be estimated according to the following equation, where the operating 
force F acting on the pedal pad 97 is detected by a force sensor: 

50 

F = [(P M xS M )-{P s x(S M -S p )}]xL M ^ F 

[0124] As descrbed above with respect to the first embodiment of Fig. 1, Lm represents the distance between the 
fulcrum 96 of the brake pedal 10 and the engaging end of the assisting piston 322, while Lp represents the cfistance 
55 between the pedal pad 97 and the fulcrum 96. 

[0125] The first and second pressurizing chambers 302, 304 are connected to the reservoir 76 through respective 
fluid passages 398. 399, while a fluid passage 400 connected to the suction side of the pump 70 is also connected to 
the reservoir 76. In the present embodiment, the interior of the reservoir 76 is divided by partition members 401a and 
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401 b into three fluid chambers to which the three fluid passages 398, 399 and 400 are connected, respectively, so that 
an abnormaJity of one of three hydraulic circuit systems associated with the chambers 302, 304 and pump 70 wiD not 
have an influence on the other hydraulic circuit systems. 

[0126] In the fluid passage 398, there are provided two check valves 402a, 402b in series with each other. These 
5 check valves 402a, 402b inhibit a flow of the fluid in a cfirection from the first pressurizing chamber 302 towards the res- 
ervoir 76, but permit a flow the fluid in the opposite cfirection. In the presence of the check valves 402a, 402b inhforting 
the fluid flow from the chamber 302 towards the reservoir 76, the fluid pressure in the chamber 302 can be increased 
with high stability when the first pressurizing piston 322 is advanced. Further, the check valves 402a, 402b permitting 
the fluid flow from the reservoir 76 into the chamber 302 when the volume of the chamber 302 is increased, the fluid 
io pressure in the chamber 302 is prevented from being lowered below the atmospheric pressure, when the first and sec- 
ond pressurizing pistons 322, 324 are retracted. In addition, the provision of the fluid passage 398 and check valves 
402a, 402b eliminates a need of provkfing the pressurizing pistons 322, 324 with primary cvps or inlet valves, and a 
need of pjving the pressurizing pistons 322, 324 relatively large operating strokes for opening and closing such primary 
cups or inlet valves, whereby the longitudinal rnenston of the master cylinder 300 can be reduced. Sirrdlarty, two check 
is valves 404a, 404b are provided in series with each other in the fluid passage 399 connected to the second pressurizing 
chamber 304. 

[01 27] The cylinder housing 320 has two openings 406, 407 which are open in the respective first and second pres- 
surizing chambers 302, 304 and to which the respective fluid passage 398, 399 are connected. These openings 406, 
407 are always open in the chambers 302, 304 irrespective of the axial position of the second pressurizing piston 324 

20 relative to the cyGnder housing 320. As described above, the second pressurizing piston 324 consists of the front sec- 
ond pressurizing piston 330 whose outer cirairrrfererrtiaJ surface ftiid-tightry and slidably engages the annular radial 
wall 334 formed on the inner circumferential surface of the cyGnder housing 320, and the rear second pressurizing pis- 
ton 332 whose annular radial walls 336, 337 flukHightly and slidably engages the Inner circumferential surface of the 
cylinder housing 320. The opening 406 is positioned so as to avoid closure of the opening 406 by the annular radial wall 

25 336. 

[0128] In the assisting drive force control device 108, the fluid passage 400 and the fluid passage 361 are connected 
to each other through a fluid passage 41 0 which by-passes the pressure increase and pressure reduction control valves 
74, 75. In the fluid passage 410, there are provided two check valves 412, 413 which permit a fluid flow in a direction 
from the reservoir 76 towards the assisting pressure chamber 360, inhibit a fluid flow in the opposite direction. The fluid 
30 passage 410 permits the fluid to be supplied from the reservoir 76 to the assisting pressure chamber 360, to thereby 
prevent the fluid pressure in the chamber 360 to be lowered below the atmospheric level, when the brake pedal 10 is 
operated in the event of an electrical abnormafity that prevents energization of the solenoid coils of the control valves 
74, 75 and causes these control valves to be held in the closed state 

[0129] A solenoid-operated shut-off valve 418 is provided between the pressure reduction control valve 75 and the 
35 reservoir 76a. This shut-off valve 418 is opened when the fluid pressure in the assisting pressure chamber 360 is 
reduced, that is, when the fluid is returned from the chamber 360 to the reservoir 76 through the pressure reduction 
control valve 75. In the other condition, the shut-oft- valve 418 is held in the closed state. The shut-off valve 418 func- 
tions to prevent a discharge flow of the fluid from the assisting pressure chamber 360 through the control valve 75, and 
permits the fluid to be discharged from the assisting pressure chamber 360 to the reservoir 76 when the control valve 
40 74 is open. In this respect, the shut-off valve 418 may be considered to be a pressure reduction responsive shut-off 
valve which is opened when the pressure reduction control valve 75 is opened. The shut-off valve 418 may be posi- 
tioned between the pressure reduction control valve 74 and a point of connection 41 9 of the pressure increase control 
valve 74 with the fluid passage 361 . 

[0130] The ROM 132 of the pressure control device 80 stores a traction control program for performing the traction 
45 control of the drive wheels 14, 16, a vehicle turning detecting program for detecting a turning of the vehicle, a vehicle 
turning stability control program for performing the vehicle turning stability control, and an operating force estimating 
progmm for estimating me operating force F o^ 

the motor control routine illustrated in the flow chart of Fig. 8, and the assisting drive force control program for controlfing 
the fluid pressure in the assisting pressure chamber 360. To the input portion 133 of the pressure control device 80, 
so there are connected the wheel speed sensors 140, 146, the assisting pressure sensor 392, the master cylinder pres- 
sure sensor 394, an accelerator operation sensor 420. and a yaw rate sensor 422. The accelerator operation sensor 
420 detects an operation of an accelerator pedal of the vehicle, and a turning of the vehicle is detected on the bases of 
the yaw rate of the vehicle detected by the yaw rate sensor 422 and the wheel speeds detected by the wheel speed 
sensors 140-146. 

55 [0131] When the brake pedal 10 is operated in the braking system of Rg. 21 constructed as descrfoed above, the 
solenrid-operated shut-off valves 372, 382 are closed, and the shut-off valves 312 for the rear drive wheels 14, 16 are 
closed, while the shut-off valve 363 is held in the open state. As the brake pedal 10 is depressed, the first pressurizing 
piston 322 is advanced relative to the rear second pressurizing piston 332 against the biasing force of the spring 352. 
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When the operating speed of the brake pedal 1 0 is not so high, the fluid in the fluid chamber 348 is fed into the annular 
chamber 344 through the orifice 350. As the fluid pressure in the fluid chamber 348 rs increased, the rear and front sec- 
ond pressurizing pistons 332. 330 are advanced against the biasing force of the spring 338, so that the volume of the 
annular chamber 344 is reduced, and the fluid pressure in the first pressurizing chamber 302 is accordingly increased. 
5 The fluid pressurized in the first pressurizing chamber 302 is supplied to the wheel brake cylinders 26, 28, while the fluid 
pressurized in the second pressurizing chamber 304 is supplied to the wheel brake cylinders 22, 24. The fluid pressure 
in the assisting pressure chamber 360 is controlled by controlling the pressure increase and pressure reduction control 
valves 74, 75, as described above with respect to the f irst embodiment of Rg. 1. 

[0132] When the brake pedal 10 is released, the shut-off valves 312, 316 are opened to return the pressurized fluid 
w from the wheel brake cylinders 22-28 to the reservoir 76. The shut-off valves 31 2 for the rear wheels 1 4, 1 6 are held in 
the open state, whfle the shut-off valves 316 for the front wheels 1 8, 20 are held in the open state for a predetermined 
time and are then restored to the dosed state In the meantime, the pressurized fluid in the assisting pressure chamber 
360 is returned partly to the reservoir 76 through the normally-open pressure reduction control valve 75, partly to the 
first pressurizing chamber 302 through the opened shut-off valve 372 and the check valve 378, and partly to the second 
15 pressurizing chamber 304 through the opened shut-off valve 382 and the check valve 386. As the volumes of the f irst 
and second pressurizing chambers 302, 304 are increased as a result of the movement of the brake pedal 1 0 back to 
the non-operated position, the fluid is supplied from the reservoir 76 to the chambers 302, 304 through the fluid pas- 
sages 398, 399, so that the fluid pressures in the chambers 302, 304 are prevented from being lowered below the 
atmospheric level. 

20 [0133] Where the brake pedal 10 is operated at a relatively high speed so as to reduce the volume of the fluid chamber 
348, the fluid pressure in the fluid chamber 348 is rapidly increased due to a fluid flow restricting function of the orifice 
350, so that a relatively large fluid pressure difference is generated between the fluid chamber 348 and the annular 
chamber 346. Accordingly, the second pressurising piston 324 is advanced by this fluid pressure difference, and the vol- 
umes of the first and second pressurizing chambers 302, 304 are reduced so as to rapidly increase the fluid pressures 

25 in these chambers 302, 304 and the fluid pressures in the wheel brake cylinders 22-28. This arrangement is effective 
to reduce a delay in the braking effect in an initial portion of the operation of the brake pedal 10 at a relatively high 
speed. 

[0134] As the fluid pressure in the fluid chamber 348 is increased, the operating force P as detected by the force sen- 
sor 390 is increased, and the fluid pressure in the assisting pressure chamber 360 is controlled so as to increase with 
30 the detected operating force P. so that the fluid pressure in the fluid chamber 348 is further increased to increase the 
fluid pressure in the wheel brake cylinders 22-28. 

[0135] When the amount of sip of the drive wheels 22, 24 has become excessively large with respect to the friction 
coefficient of the road surface, that is, when the predetermined condition for initiating the traction control of the drive 
wheels 22, 24 is satisfied, the shut-off valves 382 is held in the open state, and the shut-off valves 372 and 363 are 

3a dosed. The pressurized fluid whose pressure is controlled by the assisting drive force control device 109 is supplied to 
the second pressurizing chamber 304, but is not suppfied to the assisting pressure chamber 360 and the first pressu- 
rising chamber 302. Thus, only the fluid pressure in the wheel brake cylinders 22, 24 for the rear drive wheels 1 4, 1 6 is 
increased to brake the drive wheels 14, 16, without an operation of the brake pedal 10. The fluid pressure in the wheel 
brake cylinders 22, 24 is controlled by controlling the shut-off valves 44, 31 2, so as to hold the slipping amount of the 

40 drive wheels 14, 16 within an optimum range. 

[0136] In the traction control, the second pressurising piston 324 is placed in its fully retracted position, so that the 
pressurized fluid supplied to the second pressurizing chamber 304 will not causes a retracting movement of the second 
pressurizing piston 324. Thus, the fluid pressure in the second pressurizing chamber 304 can be increased while the 
volume of the first pressurizing chamber 302 is held constant In other words, only the fluid pressure in the wheel brake 

45 cylinders 22, 24 for the drive wheels 1 4, 16 can be increased, without increasing the fluid pressure in the wheel brake 
cylinders 26, 28 for the driven wheels 1 8, 20. Further, the first pressurizing piston 322 is permitted to be advanced while 
the second pressurizing piston 324 is placed in the fully retracted position. Therefore, the fluid pressure in the first pres- 
surizing chamber 302 can be increased immecfiately after an operation of the brake pedal 1 0 during the traction control, 
so that the driven wheels 18, 20 can also be braked with a high response to the operation of the brake pedal 10 during 

so the traction control. The operation of the brake pedal 10 during the traction corrtrd causes the shut-off valve 363 to be 
opened to supply the pressurized fluid from the assisting drive force rontrol device 1 08 to the assisting pressure cham- 
ber 360. An increase in the operating stroke of the brake pedal 10 operated during the traction control can be restricted 
by dosing the shut-off valve 382. 

[01 37] If the vehide has an excessive spinning or drift-out tendency during turning, the vehide turning stability control 
55 is initiated to remove this tendency. The vehide turning stabtfity control is effected to generate a difference between the 
fluid pressures in the wheel brake cylinders 22, 24 for the right and left drive wheels 1 4, 16, so as to give a yaw moment 
to the vehide for thereby eliminating the excessive spinning or drift-out tendency of the turning vehicle. In the vehide 
turning stability control, the shut-off valves 372, 373 are closed while the shut-off valve 382 is held open, as in the trac- 
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tion control. The ftiid pressures in the wheel brake cyfinders 22, 23 tor the drive wheels 1 4, 1 6 are controlled independ- 
ently of each other, by controlling the shut-off valves 44, 312. 

[0138] When an automatic brake is applied to the vehicle in an emergency, the solenoid-operated shut-off valves 363. 
372. 382 are opened, and the pressurized fluid is supplied from the accumulator 72 to the assisting pressure chamber 
5 360 and the first and second pressurizing chambers 302, 304. 

[0139] In the event of occurrence of an electrical abnormality of the braking system, all of the solenoid-operated shut- 
off valves are returned to their original slates shown in Fig. 21. When the brake pedal 10 is operated in this condition, 
the fluid is supplied from the reservoir 76 to the assisting pressure chamber 360 through the check valves 41 2, 41 3, to 
prevent the fluid pressure in the chamber 360 from being lowered below the atmospheric pressure. When the fluid pres- 
to sure in the first pressurizing chamber 302 has become higher than that in the assisting pressure chamber 360 by the 
opening pressure difference of the differential shut-off valve 376 or more, the pressurized fluid in the first pressurizing 
chamber 302 is supplied to the assisting pressure chamber 360 through the differential shut-off valve 376, orifice 377 
and shut-off valve 372. When the fluid pressure in the second pressurizing chamber 304 has become higher than that 
in the assisting pressure chamber 360 by the opening pressure difference of the differential shut-off valve 388 or more, 
is the pressurized fluid in the second pressurizing chamber 304 is supplied to the assisting pressure chamber 360 through 
the rffferential shut-off valve 388, orifice 389 and shut-off valve 382. Thus, the fluid pressures in the wheel brake cylin- 
ders 22-28 can be increased while restricting an increase in the operating stroke of the brake pedal 1 0. Further, since 
the shut-off valve 418 is in the dosed state, the pressurized fluid in the assisting pressure chamber 360 is prevented 
from being discharged into the reservoir 76 through the pressure reduction control valve 74. In adoption, the provision 
20 of the orifices 377, 389 is effective to reduce a delay of the braking effect when the operating speed of the brake pedal 
10 is relatively high. In the event of an electric abnormafity of the braking system, the solenoid-operated shut-off valves 
312, 316 is controlled by the emergency control device 318, so that the braking system can be operated. 
[0140] In the present ninth embodiment of Fig. 21, the assisting device 81 provides a second pressurizing chamber 
pressurizing device for pressurizing the fluid in the second pressurizing chamber 304, and the rear open end face 346 
25 of the second pressurizing piston 324 and the rear end face of the cylinder housing 320 cooperate to provide a volume 
reduction preventing device for preventing reduction of the volume of the first pressurizing chamber 302 when the fluid 
pressure in the second pressurizing chamber 304 is increased by the second pressurizing chamber pressurizing 
device. Further, the assisting pressure sensor 392, master cylinder pressure sensor 394 and a portion of the pressure 
control device 80 assigned to estimate the operating force F of the brake pedal 1 0 on the basis of the outputs of these 
30 pressure sensors 392, 394 cooperate to provide a brake operating force estimating device for estimating the operating 
force F of the brake pedal 10. 

[0141] In the hydrauGcally operated braking system of the ninth embodiment, the shut-off valves 312 for the rear drive 
wheels 14, 16 are normally open, while the shut-off valves 316 for the front driven wheels 18, 20 are normally closed. 
However, it is possible that the shut-off valves 312 are rexmalry closed while the shut-off valves 316 are normally open. 

35 In this case, the shut-off valve 363 is not essential, since the fluid pressurized in the first pressurizing chamber 302 as 
a result of an advancing movement of the first pressurizing piston 322 by the pressurized fluid supplied to the assisting 
pressure chamber 360 during the traction control is returned to the reservoir 76 through the normally open shut-off 
valves 31 6, so that the wheel brake cylinders 26, 28 are not activated during the traction control. The configuration of 
the second pressurizing piston 324 is not limited to the details of the illustrated ninth embodiment For instance, the 

40 front and rear second pressurizing pistons 330. 332 may be formed integrally with each other, or the front second pres- 
surizing piston 330 may take the form of a circular rtsa Further, the fully retracted position of the second pressurizing 
piston 324 need not be defined by the rear end of the cylinder housing 320. The first and second pressurizing pistons 
322, 324 may be disposed in series, and may have the same pessure-receiving surface areas. It is needless to say that 
the master cylinder and the assisting cylinder may be provided as separate unite. The stroke adjusting device 128 may 

45 be provided in the present braking system of Fig. 21 . 

[0142] Reference is now made to Fig. 22 showing a hvdraufcaDy operated braking system constructed according to 
a tenth embodiment of this invention. 

[01 43] The braking system of Fig. 22 uses a master cylinder 500 including a cylinder body 502 in which there are fluid- 
tightly and slidably received a first and a second pressurizing piston 504, 506. The cylinder body 502 and the two pres- 

50 surizing pistons 504, 506 define a first and a second pressurizing piston 508, 51 0 in front of the two pistons 504, 506. 
respectively. The cylinder body 502 and the first pressurizing piston 504 cooperate to define an assisting pressure 
chamber 51 2 on the side of the piston 504 remote from the first pressurizing chamber 508. Thus, the first pressurizing 
piston 504 also functions as an assisting piston. The cylinder housing 502 is provided with a pair of primary cups 51 4 
and a pair of primary cups 516. and has a port 520 formed between the primary cups 514. The second pressurising 

55 chamber 510 is connected to the reservoir 76 through the port 520 and a fluid passage 522. 

[0144] The second pressurizing piston 506 has a communication hole 524 open in the second pressurizing chamber 
510. The communication hole 524 is positioned such that the second pressurizing chamber 510 communicates with the 
port 520 through the hole 524 when the second pressurizing piston 506 is placed in the original or fully retracted posi- 
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tion with the brake pedal 10 placed in the non-operated poatkxi. When the secorxi pressurizing piston 506 is advanced 
by an operation of the brake pedal 10, the communication hole 524 is closed by the cylinder housing 502 and is discon- 
nected from the port 520, so that the fluid pressure in the chamber 510 can be increased when the brake pedal 10 is 
operated. When the brake pedal 10 is released, the second pressurizing piston 506 is returned to the fully retracted 

5 position in which the corrtrrtunication hole 520 communicates with the port 520. to permit the pressurized fluid to be dis- 
charged from the second pressurizing chamber 520 into the reservoir 76 through the fluid passage 522. As the volumes 
of the first and second pressurizing chambers 508. 51 0 are increased, the fluid is supplied from the reservoir 76 through 
the fluid passage 522 into the chambers 508. 510 with elastic deformation of the primary cups 514. so that the fluid 
pressures in the chambers 508. 510 are prevented from being lowered below the atmospheric level. 

10 [0145] The first pressurizing chamber 508 and the assisting pressure chamber 512 are fluid-tightfy separated from 
each other by the pair of primary cups 516. The master cylinder 500 of the present embodiment is not a piston type 
cylinder, but is a Girfing or plunger type cylinder using the primary cups 514, 516 held by the cylinder housing 502. 
[0146] A spring 51 7 is disposed in the second pressurizing chamber 51 0. to bias the second pressuring piston 506 
towards the fully retracted position, while a spring 518 is disposed in the first pressurizing chamber 508, to bias the first 

is pressuring piston 504 towards the fully retracted position via retainers 519a, 51 9tx 

[0147] The cylinder housing 502 has ports 526, 530 and 534 in addition to the port 520 indicated abova The port 526 
is open to the second pressurizing chamber 31 0 and is connected to a fluid passage 528, which is connected to a fluid 
passage 536 connected to the port 534 open to the assisting pressure chamber 512. Thus, the second pressurizing 
chamber 510 is connected to the assisting pressure chamber 512 through the port 526. fluid passages 528. 536 and 

20 port 534. The port 530 is open to the first pressurizing chamber 508 and is connected to a fluid passage 531 which is 
connected to the fluid passage 528. Therefore, the first and second pressurizing chambers 508, 51 0 and the assisting 
pressure chamber 512 are connected to each other through the fluid passages 528, 530, 536. The fluid passage 531 
is connected also to a fluid passage 532 connected to the reservoir 76. A check valve 533 is provided in the fluid pas- 
sage 532. This check valve 533 allows a flow of the fluid in a direction from the reservoir 76 towards the first pressurizing 

25 chamber 508. but inhibits a flow of the fluid in the opposite direction. The assisting pressure chamber 512 is connected 
to an assisting drive force control device 538 through the port 534 and the fluid passage 536. 
[0148] A normallyopen solenoid-operated shut-off valve 542 is provided in a portion of the fluid passage 528 between 
the second pressurizing chamber 510 and a point of connection to the fluid passage 531 connected to the first pressu- 
rizing chamber 508. A normally-open sdenoid-operated shut-off valve 546 and a flow restrictor device 547 are provided 

30 in a portion of the fluid passage 528 between the above-indicated point of connection and the fluid passage 536 con- 
nected to the assisting pressure chamber 512. Like the flew restrictor devices 374, 384 in the ninth embodiment of Fig. 
21 . the flow restrictor device 547 includes a differential shut-off valve 548 and a check valve 550. 
[0149] Like the assisting drive force control device 109 provided in the prececfing errtbodirnents, the assisting drive 
force control device 538 includes the pressure increase control valve 74, pressure reduction control valve 74, pump 70 

35 and accumulator 72. The flow restirctor device 538 further includes two normally-closed solenoid-operated shut-off 
valves 560. 562. 

[01501 The shut-off valve 560, which functions as an emergency closure valve, is disposed between the assisting 
pressure chamber 512 and the solenoid-operated pressure control valve device 82 which includes the pressure 
increase and pressure reduction control valves 74. 75. While the brake pedal 1 0 is in operation, the shut-off valve 560 

40 is held in the open state the solenoidK^ pressure ccrrtrolvarve device 82 is r 

state if the valve device 82 becomes abnormal. The shut-off valve 560 placed in the closed state prevents a continuous 
discharge flow of the pressurized fluid from the assisting pressure chamber 512 into the reservoir 76 through the pres- 
sure reduction control valve 75, and a continuous supply flow of the pressurized fluid from the accumulator 72 into the 
assisting pressure chamber 512 through the pressure increase control valve 74. The assisting pressure chamber 512 

45 is connected to the reservoir 76 through a reservoir passage 564 which by-passes the solenoid-operated pressure con- 
trol valve device 82 and the shut-off valve 560. The check valves 41 2, 412 are provided in the reservoir passage 564. 
[0151] The solenoid-operated shut-off valve 562, which functions as an emergency high-pressure source communi- 
cating device, is disposed in a by-pass passage 570 which connects the assisting pressure chamber 512 and the accu- 
mulator 72, while by-passing the soleroid-operated pressure control valve device 82 and the shut-off valve 560. The 

so shut-off valve 562 is normally held in the closed state, but is brought to the open state if at least one of the pressure 
increase and pressure reduction control valves 74, 75 cannot be opened while the electrica) system is normal. The 
shut-off valve 562 placed in the open state permits the pressurized fluid to be suppBed from the accumulator 72 to the 
assisting pressure chamber 512. 

[01 52] The shut-off valve 562 may be disposed in a by-pass passage which connects the delivery side of the pump 
55 70 and the assisting pressure chamber 512 while by-passing the sdenoidoperated pressure control valve device 82 
and the shut-off valve 560. In this case, the shut-off valve 562 is opened in the event of occurrence of an abnormality 
of the pressure control valve device 82 or the shutoff valve 560. so that the ftutf^ 

to the assisting pressure chamber 512. In this case, it is desirable to provide the by-pass passage with a check valve 
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which allows a f kwv of the fluid in a direction from the pump 70 towards the assisting pressure chamber 512 but inhibits 
a flow of the fluid in the opposite direction. 

[01 53] In the hydrauBcally operated braking system of Fig. 22 constructed as descrbed above, the control valves 74, 
75 and the solenoid-operated shut-off valves 542, 546. 560, 562 are controDed as indicated in the table of Fig. 23. In a 

5 normal braking operation with the brake pedal 10 being depressed, the pressure increase and pressure reduction con- 
trol valves 74, 75 are controlled to control the fluid pressure in the assisting pressure chamber 512, in the same manner 
as described with respect to the embodiment of Fig. 1, and the shut-off valve 560 is held in the open state while the 
shut-off valve 546, is held in the closed state. When the wheel braking pressures are increased, the shut-off valve 542 
is closed, and the pressurized fluid from the accumulator 72 is controlled by the pressure increase control valve 74 and 

10 supplied to the assisting pressure chamber 51 2 through the shut-off valve 560. When the wheel braking pressures are 
reduced, the shut-off valve 542 is restored to the open state, and the pressurized fluid in the assisting pressure chamber 
51 2 is returned to the reservoir 76 through the pressure reduction control valve 75, while the pressurized fluid in the first 
pressurizing chamber 508 is returned to the reservoir 76 through the shut-off valve 542 and the second pressurizing 
chamber 510. Where the reduction of the wheel braking pressures is effected with the brake pedal 10 being released, 

is the pressure reduction control valve 75 is held in the fuOy open state for a predetermined time with the maximum electric 
current being applied to the solenoid coil. As the volume of the first pressurizing chamber 508 is increased during 
releasing of the brake pedal 10. the fluid is suppfied from the reservoir 76 into the first pressurising chamber 508 
through the fluid passages 532, 531, so that the fluid pressure in the chamber 508 is prevented from being lowered 
below the atmospheric level. 

20 [0154] In an automatic braking operation without an operation of the brake pedal 10, such as a braking operation to 
effect the vehicle turning stability control, the pressure increase and pressure reduction control valves 74, 75 are con- 
trolled to control the fluid pressure in the assisting pressure chamber 51 2, as in the normal braking operation. When the 
wheel braking pressures are increased, the shut-off valve 542 is closed, and the shut-off valve 546 is opened, so that 
the pressurized fluid whose pressure is controlled by the assisting drive force control device 538 is supplied to not only 

25 the assisting pressure chamber 51 2 but also the first pressurizing chamber 508. When the wheel braking pressures are 
reduced, the pressurized fluid in the assisting pressure chamber 51 2 is returned to the reservoir 76 parity through the 
pressure reduction control valve 76, and partly through the shut-off valve 546, check valve 550. shut-off valve 542 and 
second pressurizing chamber 510. It is noted that the shut-off valve 542 may be opened when the wheel braking pres- 
sures are increased. In this case, the pressurized fluid whose pressure is controlled by the assisting drive force control 

30 device 538 is also suppOed to the second pressurizing chamber 51 0. 

[0155] In the event of occurrence of an electrical abnormality wherein no electric current can be applied to the sole- 
noid-operated valves 74, 75. 542. 546, 560, 562, these valves are returned to their original states indicated in Fig. 22. 
Upon depression of the brake pedal 10 in this condition, the fluid is supplied from the reservoir 76 to the assisting pres- 
sure chamber 512 through the fluid passage 564 (and the check valves 412, 413), so that the fluid pressure in the 

35 chamber 51 2 is prevented from being lowered below the atm ospheric pressure When the fluid pressure in the first and 
second pressurizing chambers 508, 510 has become higher than that in the assisting pressure chamber 512 by the 
opening pressure difference of the differential shut-off valve 548 or more, the differential shut-off valve .548 is opened, 
so that the pressurized fluid is supplied from the pressurizing chambers 508, 510 to the assisting pressure chamber 
512, whereby the wheel braking pressures are increased. In this case, the shut-off valve 560 is returned to the closed 

40 slate, to prevent a continuous discharge flow of the fluid from the assisting pressure chamber 51 2 through the pressure 
reduction control valve 75, and a continuous supply flow of the fluid from the accumulator 72 into the assisting pressure 
chamber 512 through the pressure increase control valve 74. Thus, the shut-off valve 560 in the closed state prevents 
or minimizes a variation in the fluid pressure in the chamber 51 2. When the brake pedal 10 is released, the fluid is fed 
from th e assisti ng pressure chamber 5 1 2 to the second pressurizing chamber 510 through the shut-off valve 546 , check 

45 valve 550 and shut-off valve 542, and is returned to the reservoir 76. 

[0156] Where at least one of the pressure increase control valve 74 and the shut-off valve 560 cannot be opened and 
held in the closed state due to an abnormality while the electric system is normal, the shut-off valve 562 is opened. For 
instance, the control valve 74 or the shut-off valve 560 cannot be opened due to sticking of a valve member due to a 
foreign matter contained in the fluid. In this instance in which the pressurized fluid in the accumulator 72 cannot be sup- 
so plied to the assisting pressure chamber 512 through the valves 74, 560, the shut-off valve 562 is opened to permit the 
pressurized fluid to be supplied from the accumulator 72 to the chamber 512 through the by-pass passage 570, for 
increasing the wheel braking pressures. The abnormafity of at least one of the valves 74, 560 can be detected if the 
fluid pressure in the assisting pressure chamber 51 2 as detected by the assisting pressure sensor 392 is lower than the 
predetermined lower limit even when the valves 74. 560 are commanded to be open. The above abnormality may also 

55 be detected if the actual value of the fluid pressure in the assisting pressure chamber 512 as detected by the sensor 
392 is lower than the desired or target value by nwe than a predeternriined value, and if the absolute value of the fluid 
pressure cfifference is not reduced. In the event of occurrence of the abnormality of the valve 74 and/or the valve 560, 
the shut-off valves 542 and 546 as well as the shut-off valve 562 may be opened. 
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[0157] The shut-off valve 562 may be closed if at least one of the pressure increase and pressure reduction control 
valves 74. 75 cannot be closed while the electrical system is normal. This abnormality of the pressure increase control 
valve 74 can be detected if the detected fluid pressure in the assisting pressure chamber 512 is higher than a predeter- 
mined upper limit even when the pressure increase control valve 74 is commanded to be closed. The abnormality can 

5 also be detected if the detected fluid pressure in the assisting pressure chamber 51 2 is higher than the desired or target 
value by more than a predetermined value, and if the absolute value of this pressure difference is increasing. Similarly, 
the abnormality of the pressure reduction control valve 75 can be detected. The shut-off valve 562 placed in the closed 
state prevents an abrupt variation of the fluid pressure in the assisting pressure chamber 51 2 in the event of occurrence 
of the abnormality of at least one of the control valves 74, 75. 

w [0158] The shut-off valve 562 and the by-pass passage 570 are not essential, since an abnormality of the solenoid- 
operated pressure control valve device 82 can be dealt with in the same manner as in the event of an electrical abnor- 
mality descrbed above Further, the shut-off valve 560 is not essential, since the amount of fluid pressure variation in 
the assisting fluid chamber 512 due to the fluid leakage through the solenoid-operated pressure control valve device 82 
is small where the fluid leakage is not serious. Further, the fluid passage 532 may be connected to a portion of the fluid 

is passage 528 between the check valve 550 and the shut-off valve 546, rather than to the fluid passage 531 . In this case, 
the reservoir 76 and the first pressurizing chamber 508 are connected to each other through the fluid passages 532, 
528 and the two check valves 533, 550. 

[0159] The cylinder housing 502 may have a port which is formed between the primary cups 516. to connect the first 
pressurizing chamber 508 to the reservoir 76 through a fluid passage connected to that port In this case, the first pres- 

20 surising piston 504 has a communication hole communicating with the first pressurizing chamber 508 and the above- 
indicated port when the piston 504 is in the fully retracted position. In this arrangement the fluid is supplied from the 
reservoir 76 to the first pressurising chamber 508 with elastic deformation of the primary cups 516, and the fluid is 
returned from the chamber 508 to the reservoir 76 through the above-indicated communication hole, port and fluid-pas- 
sage when the brake pedal 10 is released. Accordingly, it is not necessary to open the shut-off valve 542 when the 

25 brake pedal 10 is released to reduce trie wheel braking pressures. 

[0160] Referring to Rg. 24, there is illustrated an example of the above arrangement accorcfing to an eleventh embod- 
iment of this invention. This embodiment uses a master cylinder 600 wherein the cylinder housing 502 has a port 602 
formed between the pair of primary cups 516. The port 602 is connected to a fluid passage 604, which is connected to 
the reservoir 76. The first pressurising piston 504 has a cornrnunication hole 606 which is open to the first pressurizing 

30 chamber 508 and which communicates with the port 602 when the piston 504 is in the fully retracted position of fig. 24. 
Accordingly, the fluid is returned from the first pressurizing chamber 508 to the reservoir 76 through the communication 
hole 606, port 602 and fluid passage 604 when the piston 504 is returned to its fully retracted position. A normally-open 
solenoid-operated shut-off valve 607 is provided in the fluid passage 604. This shut-off valve 607 is closed when the 
fluid pressure in the assisting pressure chamber 512 is increased while the brake pedal 1 0 is in the non-operated posi- 

35 tion. The first pressurizing chamber 508 is connected to the assisting pressure chamber 512 through a fluid passage 
608 in which a normally-closed solenoid-operated shut-off valve 610 is disposed. However, a flow restrictor device is 
not provided in the fluid passage 608. 

[0161] The present braking system has an a ssisting drive force control device 612 which irictodes an e 
pressure source comrriiracation device 616 as well as the pump 70. solenoidoperated pressure control valve device 
40 82 and shut-off valves 560. The emergency high-pressure source communicating device 616 includes a regulator 614 
and a change valve 615. 

[0162] The regulator 614 is provided in a fluid passage 618 which connects the accumulator 62 and the assisting 
pressure chamber 512 whil e by-passing the sdenoid-operated pressure control valve device 82 and the shut-off valve 
560. The regulator 614 is connected to the change valve 615, reservoir 76 and accumulator 72. The regulator 614 is 

45 operated on the basis of the fluid pressure in the first pressurizing chamber 508. to supply the fluid from the reservoir 
76 to the change valve 615. or supply the pressurized fluid from the accumulator 72 to the change valve 615. The 
change valve 615 is connected to the fluid passages 618, 536, and to the port 534 communicating with the assisting 
pressure chamber 512. The change valve 615 functions to apply to the assisting pressure chamber 512 the fluid pres- 
sure as controlled by the regulator 614 or the fluid pressure as controlled by the solenoid-operated pressure control 

so valve device 82 (as applied to the first pressurizing chamber 508). 

[0163] As shown in Fig. 25, the regulator 614 includes a valve member 620, a valve seat 622, and a drive member 
624. These elements 620, 622, 624 cooperate with the valve housing to define a first fluid chamber 626, a secorxJ fluid 
chamber 628 and a third fluid chamber 630. The first fluid chamber 626 is connected to the accumulator 72 through a 
solenoidoperated shut-off valve 632, and the second fluid chamber 628 is connected to the change valve 61 5, while 

55 the third fluid chamber 630 is connected to the first pressurising chamber 508. 

[0164] In the state of Fig. 25, the drive member 624 is held in its fully retracted position under the biasing force of a 
spring 636, and the valve member 620 is held seated on the valve seat 722 under the biasing force of a spring 638, so 
that the second fluid chamber 628 is disconnected from the first fluid chamber 626 and is cornmunicated with the res- 
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ervoir 76 through a fluid passage 640 formed through the valve member 620. In this state, the fluid is supplied from the 
reservoir 76 to the change valve 615. 

[01 65] When the fluid pressure in the first pressurizing chamber 508 of the master cylinder 600 is increased, the drive 
member 624 is advanced against the biasing force of the spring 636. When the fluid pressure in the first pressurizing 
5 chamber 508 has been increased to a level at which the following inequality is satisfied, the valve member 620 is moved 
by the drive member 624 away from the valve seat 622, and the fluid passage 640 is closed by the drive member 624: 

P M x S 3 > Pa(S 2 - S,) + PcCS 3 - S 2 ) 

10 [01 66] In the above inequality, Pa, Pc, and P M represent the fluid pressures in the first, second and third fluid cham- 
bers 626. 628, 630, respectively, that is, the fluid pressure in the accumulator 72, the fluid pressure to be applied to the 
change valve 615, and the fluid pressure in the first pressurizing chamber 508 (master cylinder pressure), respectively, 
and Si, S2 and S3 represent the cross sectional area of the small-diameter portion of the valve member 624, the cross 
sectional area of a communication passage 642 between the first and second fluid chambers 626, 628, and the cross 

15 sectional area of the large-diameter portion of the drive member 624. It is noted that the biasing forces of the springs 
636, 638 are ignored in the above inequality. 

[01 67] As a result the second fluid chamber 628 is disconnected from the reservoir 76, and is communicated with the 
first fluid chamber 626, so that the pressurized fluid of the accumulator 72 is supplied to the change valve 61 5. 
[0168] The regulator 614 is operated such that the fluid pressure to be applied to the change valve 615 is controlled 
20 as represented by the following equation: 

Pc - P M x Sa/(S 3 - S 2 ) - Pa(S 2 - S^ - S 2 ) 

[01 69] Thus, the fluid pressure in the assisting pressure chamber 51 2 (the fluid pressure to be applied to the change 
25 valve 615) is controlled depending upon the fluid pressure in the first pressurizing chamber 508. 

[0170] The change valve 615 has a first port 650 corrtmunicating with the assisting pressure chamber 512, a second 
port 652 connected to the regulator 61 4, a third port 654 connected to the fluid passage 536 (connected to the solenoid- 
operated pressure control valve device 82 and the first pressurizing chamber 508), and a spool which is moved such 
that the first port 650 is connected to one of the second and third ports 652, 654 whole fluid pressure is higher, and is 
30 disconnected to the other port 642, 654 whose fluid pressure is lower. When the fluid pressure at the second port 652 
is the same as that at the third port 654, the spool is placed in a neutral position in which the first port 650 is connected 
to both of the second and third ports 652, 654. When the fluid pressure at the second port 652 is higher than that at the 
third port 654, the fluid pressure controlled by the regulator 614 is appfied to the assisting pressure chamber 512. 
[0171] The hydraulically operated braking system constructed as described above is operated as indicated in the 
35 table of Rg. 26. 

[0172] When the brake pedal 10 is in the non-operated position, the regulator 614 is placed in the original position of 
Rg. 24, and the spool of the change valve 615 is placed in Hs neutral position. When the brake pedal 10 is depressed, 
the fluid is supplied from the reservoir 76 to the assisting pressure chamber 512 through the regulator 614, change 
valve 61 5, or alternatively through the check valves 412, 413 and the change valve 615. Thus, the fluid pressure in the 

40 assisting pressure chamber 512 is prevented from being lowered below the atmospheric level. 

[0173] In a normal braking operation, the pressure increase and pressure reduction control valves 74, 75 are control- 
led as described above with the tenth embocfiment of Rg. 22. In this case, the shut-off valve 632 is held in the dosed 
state, so that the pressurized fluid of the accumulator 72 is not supplied to the regulator 614. The change valve 615 is 
is held in a state in which the first port 6450 is connected to the third port 654, so that the assisting pressure chamber 

45 512 is communicated with the solenoid-operated pressure control valve device 82. Thus, the fluid pressure controlled 
by the valve device 82 is applied to the assisting pressure chamber 512. When the wheel braking pressures are 
reduced, the pressurized fluid is returned from the assisting pressure chamber 51 2 to the reservoir 76 through the pres- 
sure reduction control valve 75. Since the shut-off valve 607 is placed in the open state, the pressurized fluid in the first 
pressurizing chamber 508 is returned to the reservoir 76 through the fluid passage 704, while the pressurized fluid in 

so the second pressurizing chamber 510 is returned to the reservoir 76 through the fluid passage 522. 

[0174] In an automatic braking operation, the control valves 74, 75 are controlled to control the wheel braking pres- 
sures in the same manner as in the normal braking operation. However, the shut-off valve 610 is opened in the auto- 
matic braking operation, the fluid pressure controlled by the pressure control valve device 82 is applied to not only the 
assisting pressure chamber 512 but also the first pressurizing chamber 508. When the wheel braking pressures are 

55 increased, the shut-off valve 607 is closed, so that the pressurized fluid in the first pressurizing chamber 508 is pre- 
vented from being returned to the reservoir 76, and the fluid pressure in the first pressurizing chamber 508 can be 
increased. When the wheel braking pressures are reduced, the shut-off valve 607 is returned to the open state, to return 
the pressurized fluid from the first pressurizing chamber 508 to the reservoir 76 through the fluid passage 604. 
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[01 75] In the event of an electrical abnormality of the braking system, all of the solenoid-operated shut-off valves and 
the solenoid-operated pressure control valve device 82 are returned to the original positions of Fig. 24. That is. the shut- 
off valve 632 is returned to the open state, so that the first fluid chamber 626 of the regulator 61 4 is communicated with 
the accumulator 72. When the fluid pressure in the first pressurising chamber 508 has been increased to a level that 

5 satisfies the above-indicated inequality, as a result of an operation of the brake pedal 1 0, the second fluid chamber 628 
of the regulator 61 4 is communicated with the first fluid chamber 626 (accumulator 72). The fluid pressure controlled by 
the regulator 614 is applied to the second port 652 of the change valve 615, and the regulator 615 is operated to con- 
nect the regulator 61 4 to the assisting pressure chamber 51 2, so that the fluid pressure controlled by the regulator 61 4 
is applied to the assisting pressure chamber 512. Thus, the fluid pressure in the assisting pressure chamber 512 can 

70 be increased to a level corresponding to the operating force F of the brake pedal 1 0, by utilizing the fluid pressure in the 
accumulator 72, since the pressure in the accumulator 72 will not be lowered immediately after the occurrence of the 
electrical abnormality. When the brake pedal 1 0 is released, the pressurized fluid in the assisting pressure chamber 51 2 
is returned to the reservoir 76 through the regulator 614. 

[0176] In the event of occurrence of an abnormality or defect in the servo system such as a fluid leakage from the 
is accumulator 72, the shut-off valves 632, 610 are opened. Since the fluid pressure in the accumulator 72 is relatively 
low, the fluid pressure applied to the change valve 61 5 through the opened shut-off valve 632 and the regulator 614 is 
not so high, even when the fluid pressure in the first pressurizing chamber 508 is increased by depression of the brake 
pedal 1 0. On the other tend, the fluid pressure in the first pressurising chamber 508 is appfied to the third port 654 of 
the change valve 61 5 through the open shut-off valve 61 0, so that the change valve 61 5 is operated to connect the first 
20 port 650 to the third port 654. As a result, the fluid pressure in the first pressurizing ctenrt>er 508 is applied to the assist- 
ing pressure chamber 512, whereby the wheel braking pressures can be increased. When the brake pedal 10 is 
released, the fluid in the assisting pressure chamber 512 is returned to the reservoir 76 through the shut-off valve 610 
and the first pressurizing chamber 508. 

[0177] As described above, the present braking system is arranged such that the regulator 614 is operated to control 
25 the fluid pressure in the assisting pressure chamber 512 to a level depending upon the fluid pressure in the first pres- 
surizing chamber 508, even in the event of occurrence of an electrical abnormality of the braking system. 
[0178] It is to be understood that the control of the control valves 74, 75 and shut-off valves 560, 607, 610, 632 is not 
limited to that of Fig. 26, which is provided by way of example only. The master cylinder 600 is not limited to the Girling 
type, but may be of a type in which primary cups are provided on the pistons 504, 506. It is also noted that the shut-off 
30 valve 632 is not essential, and may be eliminated provided the first fluid chamber 626 of the regulator 61 4 is held in 
communication with the accumulator 72. In this case, the change valve 615 is operated to connect the first port 650 to 
one of the second and third ports 652, 653 at which the fluid pressure is higher, so that the higher fluid pressure is 
applied to the assisting Pressure chamber 512. When the brake pedal 10 is released, and the fluid pressure in the first 
pressurizing chamber 508 is reduced, the regulator 614 is operated to connect the change valve 615 to the reservoir 
35 76, so that the pressurized fluid is returned from the assisting pressure chamber 512 to the reservoir 76 through the 
change valve 615 and the regulator 614. 

[01 79] While the several preferred embodiments of the present invention have been descrtoed above in detail, for illus- 
trative purpose only, it is to be understood that the present invention may be embocfied with various changes, modifica- 
tions and improvements such as those described in the SUMMARY OF THE INVENTION, which may occur to those 
40 skilled in the art 

Claims 

1. A hydrauBcaily operated braking system comprising: 

45 

a brake operating member (10) operable by an operator; 

a master cylinder (12; 300: 500; 600) including a pressurizing piston (34; 322, 324; 504, 506) operatively con- 
nected to said brake operating member and partially defining a pressurizing chamber (30, 32; 302, 304; 508, 
51 0), said pressurizing piston being moved by said brake operating member to pressurize a fluid in said pres- 

so surizing chamber; 

a brake cylinder (22-28) actuated by the pressurized fluid received from said master cylinder ; and 
an assisting device (81 ; 260-272; 109; 538; 612) for applying to said pressurizing piston an assisting drive force 
which is cfifferent than a primary drive force to be appfied to said pressurising piston on the basis of a brake 
operating force acting on said brake operating member, said assisting device being electrically controllable to 

55 control said assisting drive force. 

2. A hydrauBcaily operated braking system according to claim 1, wherein said assisting device includes all assisting 
drive force control device (109; 538; 612) electrically operable to control said assisting drive force on the basis of 
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at least one of a brake operating condition quantity incficatrve of an operating condition of said brake operating 
member and a vehicle running condition quantity incficative of a running condition of an automotive vehicle having 
a wheel (14-20) which is braked by said brake cylinder (22-28). 

5 3. A hydraulically operated braking system according to claim 1 or 2, wherein said assisting device comprises: 

an assisting cylinder (78; 12. 224; 300. 360; 500, 512; 600. 512) including an assisting piston (92; 220; 322; 
504) operatively connected to said pressurizing piston, said assisting cylinder having an assisting pressure 
chamber (100; 224; 360; 512) which is partially defined by said assisting piston; 
io a high-pressure source (70, 72); 

a reservoir (76); 

a solenoid-operated pressure control valve device (82) connected to said high-pressure source, said reservoir 
and said assisting pressure chamber, for selectively supplying the fluid from said high-pressure source to said 
assisting pressure chamber and returning the fluid from said assisting pressure chamber to said reservoir; and 
is a control valve control device (80) for controlling said solenoid-operated pressure control valve device to con- 

trol a pressure of the fluid in said assisting pressure chamber. 

4. A hydraulically operated braking system according to claim 1 or 2, wherein said assisting device comprises: 

20 an assisting rod (260) operatively connected to said brake operating member; 

an electrically operated actuator (262. 264) for applying an electrically generated drive force to said assisting 
rod; and 

an actuator control device (270. 272) for controlling said actuator to control said electrically generated drive 
force for controlling said assisting drive force to be applied to said pressurizing piston. 

25 

5. A hydraulically operated braking system according to claim 1 or 2, further comprising an emergency closure valve 
(560) disposed between said assisting pressure chamber (512) and said solenoid-operated pressure control valve 
device (82) and which is normally placed in an open state for fluid connecting said assisting pressure chamber and 
said solenoid-operated pressure control valve device to each other, said emergency closure valve being brought to 

30 a closed state for cfisconnecting said assisting pressure chamber and said solenoid-operated pressure control 
valve device from each other, in the event of an abnormality of said solenoid-operated pressure control valve 
device. 

6. A hydrauIicaDy operated braking system accorcfing to any one of claims 3-5, further comprising an emergency high- 
35 pressure source communicating device (562; 616) for connecting said assisting pressure chamber (512) and said 

high-pressure source (70, 72) while by-passing said solenoid-operated Pressure control valve device (82), in the 
event of an abnormality of said solenoid-operated pressure control valve device. 

7. A hydraulically operated braking system according to claim 6, wherein said emergency high-pressure source com- 
40 municating device includes (616) a pilot-operated pressure control valve (614) which is connected to said assisting 

pressure chamber (512), said high-pressure source (70, 72) and said reservoir (76) and which is operated in 
response to the fluid pressure in said pressurizing chamber (508) of said master cylinder (600) received as a pilot 
pressure, so as to control the fluid pressure received from said high-pressure source depending upon said pilot 
pressure, and apply the controlled fluid pressure to said assisting pressure chamber. 

45 

8. A hydraulically operated braking system according to claim 7, wherein said pilot-operated pressure control valve is 
provided in a by-pass passage (618) which connects said assisting pressure chamber and said high-pressure 
source while by-passing said solenoid-operated pressure control valve device, and said emergency high-pressure 
source communicating device (616) further includes a higher-pressure applying device (615) connected to said by- 

50 pass passage, said solenoid-operated pressure control valve device and said assisting pressure chamber, said 
higher-pressure applying device being operated to apply a higher one of the fluid pressures received from said 
solenoid-operated pressure control valve device and said pilot-operated pressure control vafva 

9. A hydraulically operated braking system according to claim 3, wherein said master cylinder (12) and said assisting 
55 cylinder (78) has respective separate cylinder housing, and said assisting piston (92) is operatively connected to 

said pressurizing piston (34) trough said brake operating member (10), and wherein pressure-receiving surface 
areas of said assisting and pressurizing pistons and distances between a fulcrum (96) of said brake operating 
member and points of connection of said assisting and pressurizing pistons to said brake operating member are 
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determined such that a product of said pressure-receiving surface area of said assisting piston and said distance 
between said fulcrum and said point of connection of said assisting piston is smaller than a product of said pres- 
sure-receiving surface area of said pressurizing piston and said distance between laid fulcrum and said point of 
connection of said pressurizing piston, said braking system further comprising an emergency fluid communicating 
device (80, 108; 80. 242, 244) disposed between said assisting pressure chamber (100) and said pressurizing 
chamber (30), said emergency fluid communicating device being placed in a closed state disconnecting said 
assisting pressure chamber and said pressurizing chamber from each other during an operation of the braking sys- 
tem when said assisting device (81) is normally operable, and brought to an open state for fluid communication 
between said assisting pressure chamber and said pressurizing chamber in the event of occurrence of an abnor- 
mality of said assisting device during the operation of the braking system. 

10. A hydrauJicaDy operated braking system according to any one of claims 3 and 5-8, wherein said master cylinder 
(12;, 300; 500; 600) and said assisting cylinder (300, 360; 500, 512; 500, 512) are disposed in series with each 
other, and said assisting piston (322 ; 504) has a pressure-receiving surface area smaD er than that of said pressu- 
rizing piston (324; 504, 506), said braking system further comprising an emergency communicating device (372, 
374. 382, 384; 542. 546. 547; 610, 615) disposed between said assisting pressure chamber (360; 512) and said 
pressurizing chamber (302. 304; 508, 510), said emergency fluid cc*nrnunicatirtg device being placed in a closed 
state disconnecting said assisting pressure chamber and said pressurizing chamber from each other during an 
operation of the braking system when said assisting device (109; 538; 612) is normally operable, and brought to an 
open state fa fluid communication between said assisting pressure chamber and said pressuring chamber in the 
event of occurrence of an abnormality of said assisting device during the operation of the braking system. 

11. A hydraulicalty operated braking system accorcfing to claim 9 or 10, wherein said emergency fluid communicating 
device (610. 615) includes a mechanicaOy operated switch valve (615) which is switched from a closed state for dis- 
connecting said assisting pressure chamber (51 2) and said pressurizing chamber (508), to an open state for fluid 
communication between said assisting pressure chamber and said pressurizing chamber when the fluid pressure 
in said high-pressure source (70, 72) is lowered below a predetermined lower limit. 

12. A hydraultcaOy operated braking system accorcfing to claim 9 or 10, wherein said emergency fluid communicating 
device includes all electrically operated switch valve (108; 242; 372, 382; 542, 546; 610) which is switched from a 
closed state for disconnecting said assisting pressure chamber and said pressurizing chamber, to an open state for 
fluid communication between said assisting pressure chamber and said pressurizing chamber in the even of occur- 
rence of an abnormality of said assisting device (108; 538; 612). 

13. A hydrauficalfy operated braking system according to any one of claims 9-12, wherein said emergency fluid com- 
municating device is brought to said open state in the event of occurrence of said abnormality of said assisting 
device, if the fluid pressure in said pressurizing chamber is higher than the fluid pressure in said assisting pressure 
chamber by more than a predetermmed amount 

14. A hydrauBcally operated braking system according to any one of claims 9-1 3, wherein said emergency fluid com- 
municating device includes (a) a fluid passage (240; 380; 528; 608) connecting said assisting pressure chamber 
and said pressurizing chamber, (b) a switch valve (242; 372, 382; 542) which is cfisposed in said fluid passage and 
which ss switched from a closed state disconnecting said assisting pressure chamber and said pressurizing cham- 
ber, to an open state for rorrmirBcation between said assisting pressure chamber and said pressurizing chamber, 
in the event of said abnormality of said assisting device, and (c) a differential shut-off valve (248; 376, 388; 548) 
which is disposed in said fluid passage in series with said switch valve and which permits a flow of the fluid from 
said pressurizing chamber towards said assisting pressure chamber when the fluid pressure in said pressurizing 
chamber has become higher than the fluid pressure in said assisting pressure chamber by more than said prede- 
termined amount 

15. A hydraulically operated braking system according to any one of claims 9, 10. 12 and 13, wherein said emergency 
fluid cxxnrnunicating device includes an electrically operated switch valve (108; 610) which is cfisposed between 
said assisting pressure chamber and said pressurizing chamber and which is switchable between a closed state 
disconnecting said assisting pressure chamber and said pressurizing chamber and an open state for communica- 
tion between said assisting pressure chamber and said pressurizing chamber, and a switch valve control means 
(80) for switching said electrically operated switch valve from sa^ 

ing device is not normally operable and when the fluki pressure in said rxessurisingcham 
pressure in said assisting pressure chamber by more than said predetermined amount 
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16. A hydraufically operated braking system according to any one of claims 3, 5-8 and 13-15. further comprising an 
emergency reservoir corrmmicating device 210) disposed between said assisting pressure chamber (100; 224) 
and said reservoir (76), said emergency reservoir communicating device being places in a closed state disconnect- 
ing said assisting pressure chamber and said reservoir from each other during an operation of the braking system 

5 when said assisting device is normally operable, and brought to an open state for fluid communication between 
said assisting pressure chamber and said reservoir in the event of occurrence of an abnormality of said assisting 
device during the operation of the braking system. 

1 7. A hydraulically operated braking system according to any one of claims 1 -1 6, further comprising; 

10 

a master reservoir (76); 

a fluid passage (398, 399; 532) for fluid comrnunication between said master reservoir and said pressurizing 
chamber (302, 304; 508) of said master cylinder (300; 500). irrespective of a position of said pressurizing pis- 
ton (322, 324; 504, 506); and 

75 a check valve (402, 404; 533) disposed in said fluid passage, said check valve inhforting a flow of the fluid from 

said pressurizing chamber towards said master reservoir and allowing a flow of the fluid from said master res- 
ervoir towards said pressurizing chamber. 

18. A hydraulically operated braking system accorrjng to claim 17, wherein said master cylinder (300; 500) includes a 
20 cylinder housing (320; 502) having a port (406, 407; 530) connected to said fluid passage (398, 399; 532) and com- 
municating with said pressurizing chamber (302; 304; 508), said master cylinder further inducting a device (334, 
336, 337) for preventing said port from being closed by said pressurizing piston. 

19. A hydraufically operated braking system according to any one of claims 1-18, wherein said master cylinder (300) 
25 includes (a) a first pressurizing piston (322) operativery connected to said brake operating member (10) partially 

defining a first pressurizing chamber (302) whose volume decreases as said first pressurizing piston is moved, (b) 
a second pressurizing piston (324) which said partially defines said first pressurizing chamber and a second pres- 
surizing chamber (304) in front of said first pressurizing chamber, so as to separate said first and second pressu- 
rizing chambers from each other, and which is movable relative to said first pressurizing piston, (c) a second 

30 pressurizing chamber pressurizing device (81 . 109) for pressurizing the fluid in said second pressurizing chamber 
by supplying a pressurized fluid from a pressure source (70, 72) external to said master cylinder, into said second 
pressurising chamber, and (d) a volume reduction preventing device ( 346 , 347 ) for permitting the volume of said 
first pressurizing chamber to be increased as said first pressurizing piston is advanced from an original position 
thereof while said second pressurizing piston is placed in an original position thereof, and for preventing the volume 

35 of the first pressurizing chamber from being reduced when the fluid pressure in said second pressurizing chamber 
is increased by said second pressurizing chamber pressurizing device while said second pressuring piston is 
placed in said original position. 

20. A hydrauIicaJry operated braking system according to claim 19, wherein said original position of said second pres- 
40 surizing piston (324) is a fufly retracted position thereof, and said volume reduction preventing device is a stopper 

device (346, 347) for preventing a movement of said second pressurizing piston from said ful ly retracted posrti on in 
a direction opposite to a direction of an advancing movement of said second pressurizing piston 

21. A hydraulically operated braking system according to claim 19 or 20, wherein said second pressurizing piston (324) 
45 includes a partition portion (330) for drvkfing an interior of a cylinder housing (320) of said master cylinder (300) 

into said first and second pressurizing chambers (302. 304), and a cylindrical portion (332) disposed on one side 
of said partition portion which is on the side of said first pressurizing piston (322), said original position of said sec- 
ond pressurizing piston (324) being defined by an abutting contact of a rear open end face (346) of said cylindrical 
portion with a rear end face (347) of said cylinder housing, said stopper device including said rear open end face 
so of said cylindrical portion and said rear end face of said cyfinder housing, and wherein said first pressurizing piston 
(322) is slidabty fitted in said cylindrical portion of said second pressurizing piston. 

22. A hydrautjeaOy operated braking system aocorcSng to claim 21, wherein said first pressuring chamber (302) 
includes an inner fluid chamber (348) formed within said cylindrical portion (332) of said second pressurizing piston 

55 (324) and in front of said first pressurising piston (322), and an outer annular fluid chamber (344) formed between 
an outer tircumferential surface of said second pressurizing piston and an inner circumferential surface of said cyl- 
inder housing (320), said cylindrical portion having a communication passage (350) for fluid communication 
between said inner fluid chamber and said outer annular fluid chamber. 
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23. A hydraulicaJly operated braking System according to claim 22, wherein said outer annular fluid chamber (344) has 
a volume which is reduced as said second pressuring piston is advanced, and said communication passage (350) 
functions as a fluid flow restrictor for restricting a flow of the fluid between said inner fluid chamber and said outer 
annular fluid chamber. 

s 

24. A hydraulicaJly operated braking system according to any one of claims 19-23, wherein said second pressurizing 
chamber (304) is connected to a wheel brake cylinder (22, 24) as said brake cylinder for braking a drive wheel of 
an automotive vehicle, said braking system further comprising a solenoid-operated shut-off valve (382) which is 
disposed between said second pressurizing chamber pressurizing device (81. 109) and said second pressurizing 

w chamber and which has an open position for fluid a>mmunication between said second pressurizi ng chamber pres- 
surizing device and said second pressurizing chamber, and a closed position for disconnecting said second pres- 
surizing chamber pressuring device and said second pressurizing chamber from each other, and a drive wheel 
braking pressure control device (80) for controlling the fluid pressure in said drive wheel brake cylinder while said 
solenoid-operated shut-off valve is held in said open stata 

15 

- 25. A hydraulically operated braking system according to any one of claims 1-24, further comprising a brake operating 
force est i mat in g device (392, 394, 80) for estim a t in g an operating force acting on said brake operating member 
(10), on the basis of the fluid pressure in said pressurizing chamber (302, 304, 508, 510) and said assisting drive 
force produced by said assisting device (81, 109; 81, 538; 81, 612). 

20 

26. A hydraulicaDy operated braking system according to any one of claims 1-25, wherein said master cylinder (12) 
includes a cylinder housing (90) which cooperates with said pressurizing piston (34) to define said pressuring 
chamber (30, 32), said braking system further comprising a master cylinder characteristic control device (1 28; 266. 
268-270, 274) for contrdGng an amount of the fluid in said pressurizing chamber (30) of said master cylinder (12), 

25 to thereby control a relationship between a position of said pressurizing piston (34) relative to said cylinder housing 
and the fluid pressure in said pressurising chamber, for controlling a fluid pressurising characteristic of said master 
cylinder. 

27. A hydraulically operated braking system accorcfing to claim 26, wherein said master cylinder characteristic control 
30 device comprises: 

a cylinder housing (110; 172); 

a volume-changing piston (1 14; 1 74; 266) received in said cyfinder housing of said master cylinder character- 
istic control device such that said volume-changing piston is movable relative to said cylinder housing of said 
35 master cylinder characteristic control device; 

said volume-changing piston cooperating with said cylinder housing of said master cylinder characteristic con- 
trol device to define a variable-volume chamber (1 16, 188) communicating with said pressurizing chamber; 
and 

a fluid amount control device (70, 72,80, 122, 124; 268-270, 274) for controlling a relative position of said vol- 
40 ume-changing piston and said cyfinder housing of said master cylinder characteristic control device, to control 

a volume of said variable-volume chamber, for thereby controlling the amount of the fluid in said pressurizing 
chamber. 

28. A hydraulically operated braking system accorcfing to claim 27, wherein said fluid amount control device includes a 
45 master cylinder pressurizing control means (70, 72, 80, 122, 124; 268-270, 274) for controlling the amount of the 

fluid in said pressurizing chamber, on the basis of an operating stroke of said pressurizing piston and according to 
a predetermined rule. 

29. A hydraulically operated braking system according to any one of claims 26-28, wherein said master cylinder char- 
so acteristic control device has a variable-volume chamber (116; 188) connected to a braking fluid chamber in said 

brake cylinder (22, 24) and said pressurizing chamber (30) of said master cytinder, and includes a fluid amount con- 
trol device (70, 72, 80, 122, 124; 268-270, 274) for corrtroOing a volume of said variable-volume chamber to control 
the amount of the fluid in said pressurizing chamber, said braking system further comprising an emergency master 
cylinder disconnecting device (62, 80) disposed between said variable-volume chamber and said pressurizing 
55 chamber, said emergency master cylinder disconnecting device being normally placed in an open state for fluid 
communication between said variable-volume chamber and said pressurizing chamber, and brought to a closed 
state for disconnecting said variable-volume chamber and said pressurizing chamber from each other in the event 
of an abnormality of said assisting device (81; 260, 262, 264, 270, 272). 
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30. A hydraulically operated braking system comprising: 

a brake operating member (10) operable by an operator; 

a master cyfinder (12) including a cylinder housing (90) and a pressurizing piston (34) operativeJy connected 
to said brake operating member and cooperating with said cyfinder housing to define a pressurising chamber 
(30, 32), said pressurizing piston being moved by said brake operating member to pressurize a fluid in said 
pressurizing chamber; 

a brake cyfinder (22-28) actuated by the pressurized fluid received from said master cyfinder; and 
a master cylinder characteristic control device (1 28; 266, 268-270, 274) for controlling an amount of the fluid in 
said pressurizing chamber (30) of said master cylinder, to thereby control a relationship between a position of 
said pressurizing piston relative to said cylinder housing and the fluid pressure in said pressurizing chamber, 
for controlling a fluid pressurizing characteristic of said master cyfinder. 
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